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SUMMARY 
The re were two p r i m a r y g o a l s of t h i s r e s e a r c h . The f i r s t was t o 
i n v e s t i g a t e f u r t h e r t h e p h o t o c h e m i c a l r e a r r a n g e m e n t of c r o s s - c o n j u g a t e d 
c y c l o h e x a d i e n o n e s w i t h e l e c t r o n w i t h d r a w i n g s u b s t i t u e n t s on t h e d i e n o n e 
chromophore„ The second was t o a t t e m p t t o a p p l y such p h o t o c h e m i c a l r e ­
a r r a n g e m e n t s t o t h e s y n t h e s i s o f n a t u r a l p r o d u c t s whose b a s i c r i n g s k e l e ­
t o n s a r e r e l a t e d t o t h e r i n g s k e l e t o n s of t h e p r o d u c t s o b t a i n e d on i r r a d i a ­
t i o n o f c y c l o h e x a d i e n o n e s . 
A t t e m p t s were made t o p r e p a r e t h r e e new d i e n o n e s w i t h e l e c t r o n 
w i t h d r a w i n g s u b s t i t u e n t s a t t h e f o u r p o s i t i o n . The e n o n e , 3 - k e t o - 4 -
4 
c a r b o m e t h o x y - 9 - m e t h y l - A - o c t a h y d r o n a p h a t h a l e n e ( I ) was p r e p a r e d a c c o r d i n g 
t o known m e t h o d s . A l l a t t e m p t s a t c o n v e r t i n g I t o t h e c o r r e s p o n d i n g 
1 4 
d i e n o n e , 3 - k e t o - 4 ^ c a r b o m e t h d x y - 9 , - m e t h y l - A * - h e x a h y d r o n a p h t h a l e n e ( I I ) 
were u n s u c c e s s f u l . The enoi ie , 3 - k e t o - 4 - f o r m y l - 9 - m e t h y l - A ' ' ' - o c t a h y d r o -
n a p h t h a l e n e ( I I I ) was p r e p a r e d a c c o r d i n g t o a known p r o c e d u r e . T h i s com-
1 4 
pound was c o n v e r t e d i n t o 3 - k e t o - 4 - f o r m y l - 9 - m e t h y l - A * - h e x a h y d r o n a p h t h a ­
l e n e (IV) i n 53 p e r c e n t y i e l d . Compound I I I was a l s o c o n v e r t e d i n t o 3 -
k e t o - 4 T c y a n o - 9 - m e t h y l - A ^ - o c t a h y d r o n a p h t h a l e n e (V) by a known p r o c e d u r e 
i n 50 p e r c e n t y i e l d . Compound V was c o n v e r t e d i n t o 3 - k e t o - 4 - c y a n o - 9 -
1 4 
methy l -A ' - h e x a h y d r o n a p h t h a l e n e (VI) a c c o r d i n g t o a known method i n 86 
p e r c e n t y i e l d . 
I r r a d i a t i o n of compound IV was c a r r i e d o u t i n aqueous a c e t i c a c i d . 
I n d i c a t i o n s were t h a t be tween IV and 3 - k e t o - 4 - f o r m y l - 9 - m e t h y l - A ' ' ' ^ - h e x a ­
h y d r o n a p h t h a l e n e (VI I ) an e q u i l i b r i u m was s e t up which was p r o b a b l y 
x i 
t h e r m a l and n o t p h o t o c h e m i c a l . I r r a d i a t i o n of VI gave a 24 p e r c e n t y i e l d 
of 3 - k e t o - 4 - c y a n o - 6 3 - m e t h y l - 6 a - h y d r o x y - ( 4 . 5 ) s p i r o d e c e n e - l ( V I I I ) , a 3 p e r 
c e n t y i e l d of l - m e t h y l - 2 - c y a n o - 3 - h y d r o x y - 5 , 6 , 7 , 8 - t e t r a h y d r o n a p h t h a l e n e 
and a 13 p e r c e n t y i e l d of a compound t e n t a t i v e l y i d e n t i f i e d as 2 - k e t o - 3 -
c y a n o - 8 $ - m e t h y l - 4 , 5 , 6 , 7 , 8 a 3 - h e x a h y d r o - 8 a - h y d r o x y - 2 ( 1 H ) - a z u l e n o n e (X) . 
The s u g g e s t e d s t r u c t u r e s of V I I I , IX, and X were s u p p o r t e d by t h e i r p h y s i 
c a l p r o p e r t i e s and c o m p a r i s o n of t h e s e p r o p e r t i e s w i t h known p r o p e r t i e s 
of s i m i l a r compounds. 
In a c c o r d a n c e w i t h an a t t e m p t t o s y n t h e s i z e t h e o r i g i n a l l y p r o ­
posed s t r u c t u r e of ( 3 - v e t i v o n e , 2 - c a r b o x y - 3 - k e t o - 5 a , 9 - d i m e t h y l - 7 - e t h y l e n e -
1 4 
d ioxy-A ' - h e x a h y d r o n a p h t h a l e n e (XI) was p r e p a r e d and i r r a d i a t e d i n a q u e ­
ous a c e t i c a c i d . A 17 p e r c e n t y i e l d of 1 3 - c a r b o x y - 4 a , 8 3 - d i m e t h y l - 6 -
e t h y l e n e d i o x y - 4 , 5 , 6 , 8 a a - h e x a h y d r o - 8 a - h y d r o x y - 2 ( 1 H ) - a z u l e n e o n e l a c t o n e 
(XII ) and a 35 p e r c e n t y i e l d of 4 a , 8 3 - d i m e t h y l - 6 - e t h y l e n e d i o x y - 4 , 5 , 6 , -
7 , 8 a a - h e x a h y d r o - 8 a - h y d r o x y - 2 ( 1 H ) - a z u l e n o n e ( X I I I ) were o b t a i n e d . The 
s u g g e s t e d s t r u c t u r e s of t h e s e compounds were s u p p o r t e d by t h e i r p h y s i c a l 
p r o p e r t i e s and by compar i son of t h e s e p r o p e r t i e s w i t h t h o s e of s i m i l a r 
known compounds. 
1 4 
Two compounds, 2 - m e t h b x y ^ 3 - k e t o - 9 - m e t h y l - A * - h e x a h y d r o n a p h t h a ­
l e n e (XV) and i t s 5 a - m e t h y l i s o m e r (XVI) were s y n t h e s i z e d i n c o n n e c t i o n 
w i t h t h e p r o p o s e d s y n t h e s i s of t h e n a t u r a l l y o c c u r r i n g s e s q u i t e r p e n e a l ­
c o h o l s , h i n e s o l and a g a r o s p i r o l . They were p r e p a r e d from 3 - k e t o - 9 -
4 4 
methy l -A - o c t a h y d r o n a p h t h a l e n e (XVI) and 3 - k e t o - 5 a a , 9 - d i m e t h y l - A - o c t a -
h y d r o n a p h t h a l e n e (XVII) r e s p e c t i v e l y i n a p p r o x i m a t e l y 25 p e r c e n t y i e l d 
u s i n g a c o m b i n a t i o n of known m e t h o d s . I r r a d i a t i o n of t h e s e compounds 
gave an a p p r o x i m a t e l y 30 p e r c e n t y i e l d o f t h e e x p e c t e d s p i r o h y d r o x y k e -
x i i 
t o n e s , XVIIIand XIX, r e s p e c t i v e l y . The s u g g e s t e d s t r u c t u r e s of t h e s e 
compounds were s u p p o r t e d by t h e i r p h y s i c a l p r o p e r t i e s and by c o m p a r i s o n 
of t h e s e p r o p e r t i e s w i t h t h o s e of s i m i l a r known compounds. 
Compound XIX, 2 - m e t h o x y - 3 - k e t o - 6 a , 1 0 a - d i m e t h y l - 6 3 - h y d r o x y s p i r o -
( 4 . 5 ) d e c e n e - l , was c o n v e r t e d i n t o compound XX, 3 - k e t o - 6 , l O a - d i m e t h y l -
s p i r o ( 4 . 5 ) d e c e n e - 6 by a s e r i e s of r e a c t i o n s i n c l u d i n g d e h y d r a t i o n , r e d u c ­
t i o n , a c e t y l a t i o n , r e d u c t i o n , and h y d r o l y s i s . Each of t h e s e r e a c t i o n s 
r e q u i r e d e x t e n s i v e s t u d y b e f o r e t h e d e s i r e d r e s u l t s were a c h i e v e d . 
A t t e m p t s were made t o c o n v e r t XX i n t o h i n e s o l and a g a r o s p i r o l by 
f i r s t p r e p a r i n g t h e a c e t y l e n i c c a r b i n o l XXI c o r r e s p o n d i n g t o t h e a d d i t i o n 
of a c e t y l e n e a c r o s s t h e c a r b o n y l of XX. Compound XXI on d e h y d r a t i o n f o l ­
lowed by h y d r a t i o n of t h e t r i p l e bond would h a v e g i v e n r i s e t o a m e t h y l 
k e t o n e , XXII, which had p r e v i o u s l y b e e n c o n v e r t e d i n t o t h e n a t u r a l p r o ­
d u c t s m e n t i o n e d . T h i s s e r i e s of r e a c t i o n s was n o t s u c c e s s f u l ; however , 
a t t e m p t e d h y d r o l y s i s of a m a t e r i a l t h o u g h t t o b e XXI gave a compound i -
d e n t i c a l t o t h e o c t a l o n e XVII. S u b s e q u e n t t r e a t m e n t of XX i n t h e same 
manner a l s o gave a compound i d e n t i c a l t o known XVII . 
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CHAPTER I 
INTRODUCTION 
I n t h e p a s t few y e a r s t h e r e h a s b e e n an a c t i v e i n t e r e s t i n t h e 
pho tochemica l - r e a r r a n g e m e n t s o f c r o s s - c o n j u g a t e d c y c l o h e x a d i e n o n e s of 
t h e t y p e I . The f i r s t known r e a r r a n g e m e n t of such a compound was r e p o r t e d 
* 
i n c o n n e c t i o n w i t h work on o s a n t o n i n , I I i n 1830 ( 1 ) . I t h a s s i n c e 
b e e n w e l l documented (2) t h a t r e a r r a n g e m e n t s of c r o s s - c o n j u g a t e d c y c l o -
h e x a d i e n e s i n aqueous a c e t i c media p r o d u c e v a r y i n g y i e l d s of hyd roxy k e ­
t o n e s of t h e t y p e s I I I and IV, ( s e e c h a r t I ) a n d , f u r t h e r m o r e t h e r e l a ­
t i v e y i e l d s of t h e two hydroxy k e t o n e s a r e i n f l u e n c e d s i g n i f i c a n t l y by 
t h e e l e c t r o n i c n a t u r e of s u b s t i t u e n t s on t h e c y c l o h e x a d i e n o n e chromo-
p h o r e . The e x a c t m e c h a n i s t i c d e t a i l s of t h e r e a r r a n g e m e n t have n o t b e e n 
d e t e r m i n e d ; howeve r , t h e i n t e r m e d i a c y of m e s o i o n i c s p e c i e s i s w i d e l y 
a c c e p t e d . S e v e r a l s y s t e m s of n o t a t i o n f o r i l l u s t r a t i n g t h e pa thways by 
which t h e s e h y p o t h e t i c a l z w i t t e r i o n s m i g h t a r i s e have a p p e a r e d i n t h e 
l i t e r a t u r e ( 3 , 4 , 5 ) . The n o t a t i o n s u g g e s t e d by Zimmerman i s shown i n 
C h a r t 1 . I n t h e f i r s t s t e p ( e q u a t i o n 1 ) , I u n d e r g o e s an n-*ir* e l e c t r o n i c 
e x c i t a t i o n t o g i v e t h e r e s o n a n c e s t a b i l i z e d d i r a d i c a l V. The s p e c i e s V 
t h e n u n d e r g o e s 1,5 b o n d i n g t o g i v e t h e e x c i t e d s t a t e c y c l o p r o p y l i n t e r ­
m e d i a t e VI a s shown i n e q u a t i o n 2 . The c y c l o p r o p y l i n t e r m e d i a t e t h e n 
u n d e r g o e s a IT -*n demot ion t o t h e z w i t t e r i o n o n i c s p e c i e s V I I . At t h i s 
p o i n t t h e c h a r a c t e r of t h e s o l v e n t becomes i m p o r t a n t . I f an i n e r t s o l -
* S t r u c t u r a l f o r m u l a of a l l compounds d i s c u s s e d may be found i n t h e Append ix . 
C h a r t 1 . Mechanism of P h o t o c h e m i c a l R e a r r a n g e m e n t s of 
Cro s s -Conj i iga ted C y c l o h e x a d i e n e o n e s 
R 2 - H, R 3 - CH 3 
C H 3 * R 2 = R 3 = H 
R 3 = H, R 2 = CH 3 
C0 2 H, R 2 = R 3 = H 
C 0 2 C H 3 , R 2 = R 3 = H 
CHO, R 2 = R 3 = H 
R 2 = R 3 = H 
C h a r t 1. ( C o n t i n u e d ) 
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v e n t i s u s e d , VII r e a r r a n g e s t o a. t r i c y c l i c k e t o n e c a l l e d a lumi p r o d u c t 
( 1 ) , however i f a p r o t i c s o l v e n t i s u s e d , VII y i e l d s t h e mesomer ic c a t i o n 
V I I I . C l eavage of V I I I v i a p a t h A g i v e s t h e e n o l i c form of t h e s p i r o h y ­
droxy k e t o n e IV, w h i l e c l e a v a g e of V I I I v i a p a t h B g i v e s t h e e n o l i c form 
of t h e 5 /7 fused hyd roxy k e t o n e I I I . In e i t h e r c a s e s p o n t a n e o u s k e t o n i -
z a t i o n g i v e s r i s e t o t h e p r o d u c t s , I I I and IV. In most of t h e c a s e s r e ­
p o r t e d , t h e s o l v e n t i s aqueous a c e t i c a c i d and t h e a t t a c k i n g n u c l e o p h i l e 
i s w a t e r . However, r e a r r a n g e m e n t s can be c a r r i e d ou t i n g l a c i a l a c e t i c 
a c i d where t h e n u c l e o p h i l e i n v o l v e d i s a c e t i c a c i d . 
With r e s p e c t t o t h e i n f l u e n c e of s u b s t i t u e n t s a t C - l and C-3 of 
t h e ch romophore , i t i s o b v i o u s from i n s p e c t i o n of t h e r e s o n a n c e h y b r i d 
V I I I t h a t f a c t o r s which would l e a d t o s t a b i l i z a t i o n of p o s i t i v e c h a r a c t e r 
a t C- l o r C-3 s h o u l d f a v o r VIIIA o r V I I I B ^ r e s p e c t i v e l y . In l i g h t of t h i s 
o b s e r v a t i o n i t f o l l o w s t h a t a s u b s t i t u e n t a t C- l of VIIIA w i t h e l e c t r o n 
r e l e a s i n g c h a r a c t e r s h o u l d d i r e c t t h e r e a r r a n g e m e n t toward a p r e d o m i n a n c e 
of VI I IA and l e a d t o t h e s p i r o compound IV, w h i l e an a n a l o g o u s s i t u a t i o n 
a t C-3 of V I I I s h o u l d d i r e c t t h e r e a r r a n g e m e n t t h r o u g h VIIIB toward a 
p r edominance of t h e 5 / 7 - f u s e d k e t o n e I I I . T h i s e x p e c t e d i n f l u e n c e h a s 
b e e n o b s e r v e d i n a number of c a s e s . I r r a d i a t i o n of l a (6) i n 45 p e r c e n t 
aqueous a c e t i c a c i d gave 19 p e r c e n t of I l i a and 16 p e r c e n t of IVa . A 
s i m i l a r i r r a d i a t i o n of l b (7) gave a 51 p e r c e n t y i e l d of IVb, w h i l e I c 
(8) gave an 80 p e r c e n t y i e l d of I I I c . These f i n d i n g s s u p p o r t c o m p l e t e l y 
t h e i n t e r v e n t i o n of an i n t e r m e d i a t e of t h e t y p e V I I I i n r e a r r a n g e m e n t s of 
u n s u b s t i t u t e d m e t h y l a t e d d i e n o n e s . F u r t h e r s u p p o r t f o r t h i s mechanism 
i s found i n s t u d i e s on t h e e f f e c t s of e l e c t r o n w i t h d r a w i n g s u b s t i t u e n t s 
on t h e r e a r r a n g e m e n t . I n t h e s e e a s e s one e x p e c t s t o o b s e r v e , f o r a g i v e n 
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s u b s t i t u t i o n p a t t e r n , an o p p o s i t e e f f e c t from t h a t found w i t h e l e c t r o n 
d o n a t i n g s u b s t i t u e n t s . I n d e e d , i r r a d i a t i o n of Id (9) i n aqueous a c e t i c 
a c i d g i v e s a 60 p e r c e n t y i e l d of H l g a f t e r s p o n t a n e o u s d e c a r b o x y l a t i o n , 
and i r r a d i a t i o n of I e (10) g i v e s a 67 p e r c e n t y i e l d of H i e . I r r a d i a t i o n 
of I f (11) i n t h e same manner f o l l o w e d by t r e a t m e n t of t h e c r u d e p h o t o 
p r o d u c t w i t h aqueous sodium c a r b o n a t e g i v e s a 70 p e r c e n t y i e l d o f com­
pound IX, These f i n d i n g s a r e a g a i n i n c o m p l e t e a g r e e m e n t w i t h t h e 
e x i s t e n c e o f an i n t e r m e d i a t e o f t h e t y p e r e p r e s e n t e d by V I I I . 
I t would seem, from t h e f a c t s p r e s e n t e d , t h a t such r e a r r a n g e m e n t s 
c 
of c y c l o d i e n o n e s s h o u l d be r e a d i l y a p p l i c a b l e t o s y n t h e t i c s e q u e n c e s 
d i r e c t e d t oward t h e p r e p a r a t i o n of c e r t a i n n a t u r a l l y o c c u r r i n g compounds 
whose b a s i c r i n g s k e l e t o n s a r e of t h e 5 / 7 - f u s e d o r ( 4 . 5 ) - s p i r o t y p e . 
T h e r e a r e a v a r i e t y of n a t u r a l l y o c c u r r i n g s e s q u i t e r p e n o i d s h a v i n g 
r i n g s k e l e t o n s b a s e d on a z u l e n e ( 1 2 a , b , c ) . Most of t h e h y d r o a z u l e n e s a r e 
d e r i v a t i v e s of g u a i a n e i n c l u d i n g g e i g e r i n (X) ( 1 3 ) , and t h e b i c y c l i c a l ­
c o h o l s g u a i o l (XI) (14) and b u l n e s o l (XI I ) ( 1 4 ) . O t h e r h y d r o a z u l e n e 
t y p e s a r e r e p r e s e n t e d by t h e t r i c y c l i c k e t o n e c y c l o c o l o r e n o n e ( X I I I ) 
( 1 5 a , b ) , and t h e h y d r o c a r b o n s a romadendrene (XIV) (16) and a - g u r j u e n e 
(XV) ( 1 7 ) . I t was once t h o u g h t t h a t t h e s e s q u i t e r p e n e s o t - v e t i v o n e (XXV), 
3 - v e t i v o n e (XVI) (18) and h i n e s o l (XVII) (19) were a l s o of t h e p e r h y d r o -
a z u l e n e f a m i l y b u t XVI and XVII have r e c e n t l y b e e n shown t o be of t h e 
( 4 . 5 ) s p i r o s k e l e t o n by M a r s h a l l (20) w h i l e XXV i s a member of t h e 
e remopha lone f a m i l y a c c o r d i n g t o de^Mayo ( 2 1 ) . Along w i t h XVI and 
XVII, t h e r e i s a n o t h e r n a t u r a l l y o c c u r r i n g s p i r o e y c l i c a l c o h o l , a g a r o -
s p i r o l (XVIII) ( 2 2 ) , which i s of i n t e r e s t . 
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The p u r p o s e of t h e work t o be d i s c u s s e d i n t h i s t h e s i s was t o 
i n v e s t i g a t e f u r t h e r t h e e f f e c t of e l e c t r o n w i t h d r a w i n g s u b s t i t u e n t s on 
t h e p h o t o c h e m i c a l r e a r r a n g e m e n t s of c r o s s - c o n j u g a t e d c y c l o h e x a d i e n o n e s 
and t o a t t e m p t t o a p p l y t h e r e a r r a n g e m e n t t o t h e s y n t h e s i s of n a t u r a l 
p r o d u c t s h a v i n g b a s i c r i n g sys teh is a c c e s s i b l e t h r o u g h t h e r e a r r a n g e m e n t . 
The i n i t i a l d e c i s i o n was t o s y n t h e s i z e 3 - v e t i v o n e whose s t r u c t u r e was 
o r i g i n a l l y r e p o r t e d t o b e XIX ( 1 8 ) . I t was f e l t t h a t i r r a d i a t i o n of a 
d e r i v a t i v e of I d s u b s t i t u t e d i n t h e a p p r o p r i a t e manner would l e a d t o t h e 
r e q u i r e d A r i n g u n s u b s t i t u t e d h y d r o a z u l e n e . Such a compound had b e e n 
p r e p a r e d by DeBarde leben (10) and t h e r e s u l t s of t h e r e a r r a n g e m e n t of 
t h i s compound a r e r e p o r t e d . Dur ing t h e c o u r s e of t h i s i n i t i a l work i t 
was r e p o r t e d t h a t t h e s t r u c t u r e of $ - v e t i v o n e was i n c o r r e c t and s h o u l d 
be r e v i s e d t o XVI ( 2 0 ) . In view of t h i s f a c t i t became o b v i o u s t h a t 
t h e s t r u c t u r e of h i n e s o l , which had b e e n c o r r e l a t e d w i t h $ - v e t i v o n e ( 2 3 ) , 
c o u l d n o t be o f t h e h y d r o a z u l e n e t y p e b u t must a l s o be of t h e ( 4 . 5 ) -
s p i r o decane t y p e . F u r t h e r m o r e , s i n c e a g a r o s p i r o l was of t h e s t r u c t u r e 
i n d i c a t e d by XVIII i t was n e c e s s a r y t h a t h i n e s o l and a g a r o s p i r o l be 
i d e n t i c a l t o each o t h e r w i t h t h e e x c e p t i o n of t h e s t e r e o c h e m i s t r y a b o u t 
C-2 , t h e p o i n t of a t t a c h m e n t of t h e t h r e e c a r b o n s i d e c h a i n i n X V I I I . 
I t t h u s became n e c e s s a r y t o f i n d a method of p r e p a r i n g r i n g - A u n s u b s t i ­
t u t e d s p i r o d e c a n e s i n y i e l d s s u i t a b l e f o r s y n t h e t i c r e q u i r e m e n t s . A l s o , 
s i n c e t h e s t e r e o c h e m i s t r y of t h e s p i r o d e c a n e s o b t a i n e d from p h o t o c h e m i c a l 
r e a r r a n g e m e n t was o p p o s i t e t o t h a t needed f o r s y n t h e s i s of any of t h e 
n a t u r a l p r o d u c t s m e n t i o n e d , i t was n e c e s s a r y t o d e v i s e a method t h a t 
would b o t h d i r e c t t h e r e a r r a n g e m e n t t oward A - r i n g u n s u b s t i t u t e d compounds 
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and a l l o w f o r t h e n e c e s s a r y change i n s t e r e o c h e m i s t r y . The two a l c o h o l s , 
h i n e s o l and a g a r o s p i r o l , were chosen f o r s y n t h e s i s . S i n c e h i n e s o l had 
p r e v i o u s l y b e e n c o n v e r t e d t o $ - v e t i v o n e t h e s y n t h e s i s of t h i s compound 
would a l s o e f f e c t a t o t a l f o rma l s y n t h e s i s of 3 - v e t i v o n e . The r e m a i n d e r 
of t h e work was t h e n c e n t e r e d a round s e l e c t i n g a s u i t a b l e d i e n o n e , p r e ­
p a r i n g t h i s d i e n o n e , and c o n v e r t i n g t h e r e a r r a n g e m e n t p r o d u c t of t h i s 
d i e n e o n e i n t o t h e s e s q u i t e r p e n e s m e n t i o n e d a b o v e . 
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CHAPTER I I 
INSTRUMENTATION AND EQUIPMENT 
M e l t i n g p o i n t s were d e t e r m i n e d on a F i s h e r - J o h n s m e l t i n g p o i n t 
a p p a r a t u s and a r e u n c o r r e c t e d . B o i l i n g p o i n t s a r e u n c o r r e c t e d . Carbon 
and h y d r o g e n m i c r o a n a l y s e s were pe r fo rmed by G a l b r a i t h L a b o r a t o r i e s , 
K n o x v i l l e , T e n n e s s e e , Mass s p e c t r a l d a t a were a c q u i r e d u s i n g a V a r i a n 
A s s o c i a t e s Model M-66 medium r e s o l u t i o n mass s p e c t r o m e t e r . A l l e x a c t 
mass d e t e r m i n a t i o n s r e p o r t e d a g r e e t o w i t h i n 0 . 0 0 5 of t h e c a l c u l a t e d 
v a l u e and were v e r i f i e d a s b e i n g t h e o n l y r e a s o n a b l e p o s s i b i l i t i e s w i t h 
t h e a i d o f "Chemica l Formulae From Mass D e t e r m i n a t i o n " ( 2 4 ) . U l t r a ­
v i o l e t s p e c t r a were r e c o r d e d on a Cary Model 14 r e c o r d i n g s p e c t r o p h o t o m e ­
t e r u s i n g one c e n t i m e t e r b a l a n c e d c e l l s w i t h 95 p e r c e n t e t h a n o l a s t h e 
s o l v e n t . I n f r a r e d s p e c t r a were o b t a i n e d on a P e r k i n - E l m e r Model 137 , 
2 3 7 , o r 457 r e c o r d i n g s p e c t r o p h o t o m e t e r u s i n g 0 . 2 mm sodium c h l o r i d e 
c e l l s w i t h c h l o r o f o r m a s t h e s o l v e n t u n l e s s o t h e r w i s e s p e c i f i e d . N u c l e a r 
m a g n e t i c r e s o n a n c e s p e c t r a were o b t a i n e d on a V a r i a n A s s o c i a t e s Model 
A-60 o r A-.60D, n u c l e a r m a g n e t i c r e s o n a n c e s p e c t r o m e t e r , o r on a J e o l c o 
Model 4H-100 n u c l e a r m a g n e t i c r e s o n a n c e s p e c t r o m e t e r . U n l e s s o t h e r w i s e 
n o t e d , c a r b o n t e t r a c h l o r i d e c o n t a i n i n g t e t r a m e t h y l s i l a n e a s an i n t e r n a l 
s t a n d a r d was u s e d as s o l v e n t . Chemica l s h i f t s a r e r e p o r t e d i n ppm down-
f i e l d from t h e s t a n d a r d . The a b b r e v i a t i o n s s , d , t , q , and m, r e f e r 
r e s p e c t i v e l y t o s i n g l e t , d o u b l e t , t r i p l e t , q u a r t e t , and m u l t i p l e t ; 
c o u p l i n g c o n s t a n t s ( J ) a r e g i v e n i n Hz, H y d r o g e n a t i o n s were c a r r i e d o u t 
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i n a P a r r low p r e s s u r e r e a c t i o n a p p a r a t u s u s i n g 95 p e r c e n t e t h a n o l as 
s o l v e n t . Low p r e s s u r e s o l v e n t e v a p o r a t i o n s were a c c o m p l i s h e d w i t h t h e 
a i d of a Buchi R o t a v a p o r r o t a r y e v a p o r a t o r . Gas c h r o m a t o g r a p h i c a n a l y s e s 
were p e r f o r m e d on e i t h e r a P e r k i n - E l m e r Model 881 f lame i o n i z a t i o n gas 
ch roma tog raph programmed from 50^ t o 225°C a t 12 d e g r e e s p e r m i n u t e 
u s i n g a 6 f o o t by 1/8 i n . column packed w i t h 10 p e r c e n t Ape izon L 
on 60 /80 Chromosorb W, o r a H e w l e t t - P a c k a r d Model 402 f lame i o n i z a t i o n 
gas c h r o m a t o g r a p h programmed from 60° t o 240°C a t 15 d e g r e e s p e r m i n u t e 
u s ing , a 4 f o o t by 3 mm column packed w i t h 3 . 8 p e r c e n t SE-30 on 80 /100 
D i a t o p o r t S . P r e p a r a t i v e gas ch roma tog raphy was a c c o m p l i s h e d w i t h t h e 
a i d of a H e w l e t t - P a c k a r d Model 700 gas c h r o m a t o g r a p h e q u i p p e d w i t h a 
t h e r m a l c o n d u c t i v i t y d e t e c t o r . A 3 f o o t by 1/4 i n . s t a i n l e s s s t e e l 
column packed w i t h s i l i c o n e r u b b e r on 80 /100 D i a t o p o r t S a t 200° 
was u s e d f o r p r e p a r a t i v e work . Grace g r a d e 9 2 3 , 100-200 mesh s i l i c a - g e l 
was u s e d f o r column c h r o m a t o g r a p h y u n l e s s o t h e r w i s e s p e c i f i e d . Anhydrous 
sodium s u l f a t e was u sed a s d r y i n g a g e n t i n r e a c t i o n workups . Reagen t 
grade i n o r g a n i c c h e m i c a l s were u s e d t h r o u g h o u t , w h i l e l i q u i d o r g a n i c 
c h e m i c a l s were d i s t i l l e d p r i o r t o u s e . Anhydrous s o l v e n t s were p r e p a r e d 
by d i s t i l l a t i o n from sodium or l i t h i u m aluminum h y d r i d e w i t h t h e e x ­
c e p t i o n of anhydrous e t h e r which was p u r c h a s e d c o m m e r c i a l l y and s t o r e d 
ove r sodium r i b b o n . A Hanovia 450 w a t t h i g h p r e s s u r e mercu ry lamp o r 
a Hanau NK20 7 w a t t low p r e s s u r e s o u r c e h a v i n g g r e a t e r t h a n 90 p e r c e n t 
of i t s o u t p u t a t 2537 Angst roms were u sed f o r p h o t o c h e m i c a l i r r a d i a t i o n s . 
An a p p a r a t u s s i m i l a r t o t h a t d e s c r i b e d by Kropp and Erman (6) was u sed 
f o r t h e h i g h p r e s s u r e s o u r c e w h i l e a s i m p l e immers ion t a n k was u sed f o r 
t h e 7 w a t t s o u r c e . Dur ing i r r a d i a t i o n s t h e s o l u t i o n s were a g i t a t e d by 
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a s t r e a m of n i t r o g e n i n t r o d u c e d a t an a p p r o p r i a t e p o i n t . An i n e r t a t ­
mosphere of n i t r o g e n was m a i n t a i n e d o v e r r e a c t i o n m i x t u r e s when n e c e s s a r y 
by an a p p a r a t u s s i m i l a r t o t h a t d e s c r i b e d by J o h n s o n ( 2 5 ) . R e c r y s t a l l i -
z a t i o n s from mixed s o l v e n t s were c a r r i e d o u t by d i s s o l v i n g t h e m a t e r i a l 
t o be r e c r y s t a l l i z e d i n t h e minimum amount of t h e more p o l a r s o l v e n t , 
add ing t h e second s o l v e n t d r o p w i s e u n t i l t h e s o l u t i o n became c l o u d y , 
warming on t h e s t eam b a t h u n t i l t h e s o l u t i o n became c l e a r , and a l l o w i n g 
c r y s t a l l i z a t i o n t o t a k e p l a c e a s t h e s o l u t i o n c o o l e d . Thin l a y e r 
ch roma tog raphy was c a r r i e d o u t u s i n g g l a s s p l a t e s c o a t e d w i t h s i l i c a g e l . 
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CHAPTER I I I 
EXPERIMENTAL 
I r r a d i a t i o n of 2 - C a r b o x y - 3 - k e t o - 5 , 9 - d i m e t h y l - 7 - e t h y l e n e d i o x y 
1 4 
-A ' h e x a h y d r o n a p h t h a l e n e (XX) 
Compound XX ( 0 . 8 0 g) p r e p a r e d a c c o r d i n g t o t h e method of 
DeBarde leben (10) was d i s s o l v e d i n 250 ml of 45 p e r c e n t aqueous d i o x a n e 
and i r r a d i a t e d w i t h a 450 wa t t , h i g h p r e s s u r e m e r c u r y lamp f o r 1.75 h r s . 
u s i n g a Py rex f i l t e r . Benzene was added and t h e s o l v e n t was , removed i n 
vacuo w i t h t h e a i d of a b e n z e n e a z e o t r o p e t o l e a v e a d a r k brown v i s c o u s 
o i l . The c r u d e r e a c t i o n p r o d u c t was c h r o m a t o g r a p h e d o v e r 20 g of s i l i c a 
g e l . E l u t i o n s u c c e s s i v e l y w i t h 500 ml of h e x a n e , 500 ml of 10 p e r c e n t 
e t h e r i n h e x a n e , 1000 ml of 20 p e r c e n t e t h e r i n h e x a n e , and 250 ml of 50 
p e r c e n t e t h e r i n hexane gave on e v a p o r a t i o n , f o u r o i l y r e s i d u e s , which were 
shown t o b e c o m p l i c a t e d m i x t u r e s of compounds by t i c . F u r t h e r e l u t i o n 
w i t h 250 ml of 50 p e r c e n t e t h e r i n h e x a n e f o l l o w e d by 500 ml of 75 p e r ­
c e n t e t h e r i n h e x a n e gave 0 . 1 3 9 g (17 p e r c e n t ) of a y e l l o w o i l which 
c r y s t a l l i z e d on s t a n d i n g . R e c r y s t a l l i z a t i o n from e t h y l a c e t a t e - h e x a n e 
gave w h i t e c r y s t a l s m e l t i n g a t 192-194°C w i t h d e c o m p o s i t i o n . The 
m a t e r i a l was i d e n t i f i e d a s 1 3 - c a r b o x y - 4 a , 8 3 - d i m e t h y l - 6 - e t h y l e n e d i o x y -
4 , 5 , 6 , 7 , 8 a - h e x a h y d r o - 8 a - h y d r o x y - 2 ( l H ) - a z u l e n o n e l a c t o n e (XXI) by i t s 
s p e c t r a l p r o p e r t i e s l i s t e d be low and by s p e c t r a l a n a l o g y w i t h t h e known 
a z u l e n o n e l a c t o n e (XXII) ( 1 0 ) . The i n f r a r e d s p e c t r u m of XXI showed, 
CHCI 
among o t h e r s , a b s o r p t i o n s a t v ' a : " 3 1787 ( a - l a c t o n e c a r b o n y l ) , 1710 
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a , 3 - u n s a t u r a t e d c y c l o p e n t a n o n e ) , and 1591 cm 1 ( c o n j u g a t e d d o u b l e b o n d ) . 
EtOH 
The u l t r a v i o l e t s p e c t r u m showed X 244 nm (e 1 3 , 9 0 0 ) . The nmr s p e c t r u m 
r n n 
of I I showed 5 g 3 1.21 ( s , 3H, 8 3 - C H 3 ) , 1.14 (d , J=6Hz, 4 a - C H 3 , 3 . 9 4 ) 
( s , 4H, - 0 C H 2 - ) , and 5 .89 (m, 1H) . Exac t m a s s : C a l c u l a t e d : 2 7 8 . 1 1 5 4 , 
Found: 2 7 8 . 1 1 4 4 . 
F u r t h e r e l u t i o n w i t h 1250 ml of 100 p e r c e n t e t h e r and 1000 ml 
of m e t h a n o l gave 0 . 6 8 3 g of a m i x t u r e of compounds. T h i s m a t e r i a l was 
r e e h r o m a t o g r a p h e d on 20 g o f n e u t r a l a l u m i n a , a c t i v i t y I . E l u t i o n w i t h 
500 ml of 75 p e r c e n t e t h e r i n h e x a n e , 500 ml o f 90 p e r c e n t e t h e r i n 
h e x a n e , and 250 ml o f 100 p e r c e n t e t h e r gave t h r e e m i x t u r e s of u n i d e n t i ­
f i e d p r o d u c t s . F i n a l l y e l u t i o n w i t h 500 ml o f 10 p e r c e n t m e t h a n o l i n 
e t h e r , and 250 ml of 15 p e r c e n t m e t h a n o l i n e t h e r gave 0 . 2 9 7 g (35 
p e r c e n t ) of a p a l e y e l l o w s o l i d , R e c r y s t a l l i z a t i o n from e t h e r gave w h i t e 
c r y s t a l s m e l t i n g a t 141-142°C. The m a t e r i a l was i d e n t i f i e d a s 4 a , 8 3 -
d i m e t h y l - 6 - e t h y l e n e d i o x y - 4 , 5 , 6 , 7 , 8 a a - h e x a h y d r o - 8 3 - h y d r o x y - 2 ( 1 H ) -
a z u l e n e o n e XXIII by s p e c t r a l a n a l o g y w i t h t h e known a z u l e n o n e XXIV (10) 
and by i t s s p e c t r a l p r o p e r t i e s d e s c r i b e d b e l o w . The i n f r a r e d s p e c t r u m 
CHC1 
of XXIII showed, among o t h e r s , a b s o r p t i o n s a t v m a x 3 3 4 5 0 ( h y d r o x y l ) , 
1680 ( a , 3 - u n s a t u r a t e d c y c l o p e n t a n o n e ) , and 1590 cm 1 ( c o n j u g a t e d d o u b l e 
ETOH 
b o n d ) . The u l t r a v i o l e t s p e c t r u m showed a X^^ 234 nm ( e l 0 , 3 0 0 ) . The 
CDC1 
nmr s p e c t r u m of XXIII showed t h e f o l l o w i n g a b s o r p t i o n s : 3, 1.05 
( s , 3H, 8 3 - C H 3 ) , 1 .21 ( d , J - 7 Hz, 3H, 4e t -CH 3 ) , 3 .98 ( s , 4H, - 0 C H 2 ~ ) , 
and 6 . 0 3 (m, 1H). A n a l y t i c a l : C a l c u l a t e d : C 6 6 . 6 4 , H 7 . 9 9 , Found: 
C 6 6 . 4 2 , H 8 . 0 2 . 
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I s o l a t i o n of a - and g - V e t i y o n e s from O i l of V e t i v e r 
Two p r o c e d u r e s f o r t h e i s o l a t i o n of a - and 3 - v e t i v o n e s , s p i n n i n g 
band column d i s t i l l a t i o n f o l l o w e d by p r e p a r a t i v e g l c c o l l e c t i o n o r , ; i s o ­
l a t i o n of t h e k e t o n i c p o r t i o n of t h e o i l w i t h G i r a r d ' s T r e a g e n t f o l l o w e d 
by p r e p a r a t i v e g l c , were a t t e m p t e d . The more s a t i s f a c t o r y of t h e two i s 
d e s c r i b e d b e l o w . 
* 
O i l of V e t i v e r ( R e u n i o n ) (40 g ) , 8 g of G i r a r d ' s T r e a g e n t , and 
15 ml of g l a c i a l a c e t i c a c i d were d i s s o l v e d i n 200 ml of 95 p e r c e n t a l ­
c o h o l and h e a t e d a t r e f l u x f o r two h o u r s . F o l l o w i n g r emova l o f a p p r o x i ­
m a t e l y 175 ml o f t h e a l c o h o l by d i s t i l l a t i o n , 100 ml of w a t e r was a d d e d . 
The r e a c t i o n m i x t u r e was washed t h o r o u g h l y w i t h e t h e r . The r e m a i n i n g 
aqueous s o l u t i o n was t h e n a c i d i f i e d w i t h 10 ml o f c o n c e n t r a t e d h y d r o ­
c h l o r i c a c i d and h e a t e d f o r 20 m i n . on t h e s t eam b a t h . A f t e r b e i n g 
c o o l e d t o room t e m p e r a t u r e t h e r e a c t i o n m i x t u r e was e x t r a c t e d t h o r o u g h l y 
w i t h e t h e r . The e t h e r e x t r a c t s were d r i e d o v e r anhyd r ous sodium s u l f a t e , 
t h e d r y i n g a g e n t was removed by f i l t r a t i o n , and t h e e t h e r was removed 
u n d e r r e d u c e d p r e s s u r e t o l e a v e a v i s c o u s y e l l o w o i l . The o i l was d i s ­
t i l l e d a t 110-125°C a t 0 . 5 mm and t h e r e s u l t i n g m a t e r i a l s u b j e c t e d t o 
p r e p a r a t i v e g l c a t 205°C u s i n g a t h r e e f o o t by 1/4 i n . m e t a l column 
packed w i t h Ape izon L on 6 0 / 8 0 f i r e b r i c k . The i n f r a r e d s p e c t r u m of a -
and 3 - v e t i v o n e s were i d e n t i c a l t o t h o s e r e p o r t e d by Nigam ( 2 8 ) . The 
CC1 
nmr s p e c t r a were a s f o l l o w s : For a v e t i v o n e XXV ^ ^ g 4 0 . 9 5 ( s , 3H, angu­
l a r CH ) , 1,0 (d , J=6Hz, 3H, l -CH, , ) , 1 .71 ( s , 6H, i s o p r o p y l i d e n e - C H 3 ) , 
* 
The a u t h o r would l i k e t o t h a n k F r i t z c h e B r o s . I n c . f o r t h e i r 
g e n e r o s i t y i n supp ly ing - t h e o i l of V e t i v e r . 
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and 5 .65 (m, 1H) . For 3 - v e t i v o n e XVI 6 ^ 4 0 . 9 1 (d , J=7 Hz, 3H, 4-CH ) , 1.61 
and 1.67 ( s , 3H, i s o p r o p y l i d e n e - C H 3 ) , 1.84 (d , J = 1 . 2 , 3H, v i n y l C H 3 ) , and 
5 .65 (m, 1H). 
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P r e p a r a t i o n of 4 -Ca rbome thoxy-3 -ke to -9 -me t ] | i y l -A - o c t a h y d r o n a p h t h a l e n e (XXVI) 
A p r o c e d u r e s i m i l a r t o t h a t employed by Wenkert (27) i n a n o t h e r 
s y s t e m was u s e d . To a s u s p e n s i o n of 1.12 g ( 0 . 0 2 5 m o l e s ) of 5 3 . 4 p e r ­
c e n t sodium h y d r i d e - m i n e r a l o i l d i s p e r s i o n i n 50 ml of d r y DME s t i r r e d 
4 
u n d e r n i t r o g e n was added 5 g ( 0 . 0 3 mo le s ) of 3 - k e t o - 9 - m e t h y l - A - o c t a ­
h y d r o n a p h t h a l e n e (XXVII) ( 2 8 a ) . The s o l u t i o n was s t i r r e d a t room tem­
p e r a t u r e o v e r n i g h t , h e a t e d t o r e f l u x , and t h e s o l v e n t removed by d i s t i l ­
l a t i o n u n t i l t h e volume r e m a i n i n g was a p p r o x i m a t e l y 20 m l . The r e a c t i o n 
m i x t u r e was a l l o w e d t o c o o l t o room t e m p e r a t u r e and 100 ml o f d r y e t h e r 
was a d d e d . Carbon d i o x i d e which had b e e n p a s s e d t h r o u g h a c a l c i u m c h l o r i d e 
d r y i n g t u b e was t h e n a l l o w e d t o b u b b l e i n t o t h e s o l u t i o n f o r 1.25 h r s 
w h i l e t h e t e m p e r a t u r e was m a i n t a i n e d a t 0°C by an i c e b a t h . At t h e end 
of t h i s t i m e 50 ml o f 10 p e r c e n t sodium h y d r o x i d e was added t o t h e c o l d 
r e a c t i o n m i x t u r e and s t i r r i n g was c o n t i n u e d f o r an a d d i t i o n a l 15 min . 
The b a s i c s o l u t i o n was t h e n washed w i t h t h r e e 50 ml p o r t i o n s of e t h e r 
and a c i d i f i e d t o pH 2 -3 w i t h d i l u t e ( 3 : 1 ) h y d r o c h l o r i c a c i d a t which t ime 
t h e s o l u t i o n became c l o u d y . The aqueous l a y e r was t h e n e x t r a c t e d w i t h 
e t h e r and t h e e t h e r e x t r a c t s were p o u r e d s l o w l y i n t o a s t i r r e d s o l u t i o n 
o f d i a z o m e t h a n e i n e t h e r ( 2 8 b ) . The c o l d r e a c t i o n m i x t u r e was 
s t i r r e d f o r 0 . 5 h r s a f t e r which t h e e x c e s s d i a z o m e t h a n e was d e s t r o y e d 
w i t h aqueous h y d r o c h l o r i c a c i d . The l a y e r s were s e p a r a t e d and t h e o r - ^ 
g a n i c l a y e r was washed t w i c e w i t h 50 ml p o r t i o n s of s a t u r a t e d sodium 
b i c a r b o n a t e s o l u t i o n and once w i t h s a t u r a t e d b r i n e . The s o l u t i o n 
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was t h e n d r i e d o v e r a n h y d r o u s sodium s u l f a t e , t h e d r y i n g a g e n t removed 
by f i l t r a t i o n , and t h e s o l v e n t removed i n vacuo t o l e a v e 3 . 7 1 g (55 
p e r c e n t ) o f XXVI a s a p a l e y e l l o w o i l . Th in l a y e r c h r o m a t o g r a p h y 
showed t h e m a t e r i a l t o be e s s e n t i a l l y one compound. The i n f r a r e d 
CHC1 
s p e c t r u m of XXVI showed, among o t h e r s , a b s o r p t i o n s a t ^ M a x 3 1730 ( e s t e r 
c a r b o n y l ) , 1668 ( a , 3 u n s a t u r a t e d k e t o n e ) , and 1605 c m - 1 c o n j u g a t e d d o u b l e 
r n 
b o n d ) . The nmr s p e c t r u m of XXVI showed 1.29 ( s , 3H, 9-CH 3 ) and 
3 .69 ( s , 3H, - C 0 2 C H 3 ) . 
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A t t e m p t e d P r e p a r a t i o n of 4 - C a r b o m e t h p x y - 3 - k e t o - 9 - m e t h y l - A ' -
h e x a h y d r o n a p h t h a l e n e (XXVIII) 
The g e n e r a l p r o c e d u r e of Burn et_ a l . (29) was employed . In a 
t y p i c a l e x p e r i m e n t a s o l u t i o n of 1.58 g ( 0 . 0 0 7 1 m o l e s ) of XXVI i n 
75 ml o f d r y d i o x a n e s t i r r e d u n d e r n i t r o g e n was t r e a t e d w i t h 2 . 0 1 
g of DDQ. The t o t a l volume was b r o u g h t t o 100 ml w i t h a d d i t i o n a l 
d i o x a n e and t h e r e a c t i o n m i x t u r e was h e a t e d a t r e f l u x f o r 48 h r . The 
m i x t u r e was e v a p o r a t e d t o n e a r d r y n e s s and t h e p r e c i p i t a t e d DDHQ was r e ­
moved by f i l t r a t i o n . The r e m a i n i n g s o l v e n t was removed i n vacuo t o 
l e a v e a d a r k brown o i l . The p r e v i o u s e x p e r i m e n t was r e p e a t e d u n d e r 
t h e c o n d i t i o n s l i s t e d b e l o w : 
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S o l v e n t 
Dioxane 
Benzene 
Dioxane 
Toluene/HOAe 
Re f lux Time. Method of DDHQ Removal 
22 h o u r s F i l t r a t i o n t h r o u g h a l u m i n a 
17 h o u r s S u c t i o n f i l t r a t i o n 
12 h o u r s F i l t r a t i o n f o l l o w e d by wash ing 
w i t h 10 p e r c e n t sodium h y d r o x i d e 
20 h o u r s F i l t r a t i o n f o l l o w e d by wash ing 
w i t h 10 p e r c e n t sodium h y d r o x i d e 
In each c a s e a f t e r s o l v e n t r emova l b o t h column c h r o m a t o g r a p h y and 
d i s t i l l a t i o n were t r i e d s e p a r a t e l y and i n c o m b i n a t i o n as a means of f u r ­
t h e r p u r i f y i n g t h e p r o d u c t s , b u t a l l a t t e m p t s f a i l e d t o s e p a r a t e t h e 
m i x t u r e of compounds. The s p e c t r a l c h a r a c t e r i s t i c s of t h e m i x t u r e 
i n d i c a t e d i t was composed of compounds of t h e t y p e XXVIII, XXIX, and 
XXX. 
P r e p a r a t i o n of 3 - K e t o - 4 - f o r m y l - 9 - m e t h y l - A - o c t a h y d r o n a p h t h a l e n e (XXXI) 
The g e n e r a l method of Woodward et_ a l . (30) was employed . To a 
s u s p e n s i o n of 3 .85 g ( 0 . 1 6 0 m o l e s ) of sodium h y d r i d e s t i r r e d i n 100 ml 
of d r y b e n z e n e u n d e r n i t r o g e n was added d r o p w i s e 3 . 4 6 g ( 0 . 1 0 8 m o l e s ) 
of anhydrous m e t h a n o l . The s u s p e n s i o n was h e a t e d t o r e f l u x f o r a few 
m i n u t e s , c o o l e d t o room t e m p e r a t u r e , and 1 1 . 8 g (0 .160 m o l e s ) of f r e s h l y 
d i s t i l l e d e t h y l f o r m a t e was added i n a t h i n s t r e a m . The r e a c t i o n mix­
t u r e was t h e n s t i r r e d f o r 0 . 5 h r , c o o l e d t o 0°C i n an i c e b a t h , and 10 .5 
g ( 0 . 0 6 4 moles ) of 3 - k e t o - 9 - m e t h y l - A 1 - o c t a h y d r o n a p h t h a l e n e (XXXII) (31) 
d i s s o l v e d i n 150 ml of d r y b e n z e n e was added d r o p w i s e w i t h s t i r r i n g and 
c o o l i n g . S h o r t l y a f t e r t h e a d d i t i o n was begun a y e l l o w p r e c i p i t a t e 
formed. A f t e r t h e a d d i t i o n was c o m p l e t e , t h e c o o l i n g b a t h was removed 
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and t h e s u s p e n s i o n was a l l o w e d t o s t i r o v e r n i g h t . The y e l l o w s u s p e n s i o n 
was t h e n a c i d i f i e d w i t h 100 ml of i c e d 5 p e r c e n t s u l f u r i c a c i d and 
a l l o w e d t o s t i r f o r 5 min . The l a y e r s were s e p a r a t e d , and t h e aqueous 
l a y e r was e x t r a c t e d w i t h 1:1 e t h e r - b e n z e n e . The combined o r g a n i c l a y e r s 
were washed w i t h 4 X 50 ml p o r t i o n s of 2 p e r c e n t p o t a s s i u m h y d r o x i d e , t h e 
b a s i c e x t r a c t was washed once w i t h e t h e r and t h e n a c i d i f i e d w i t h d i l u t e 
h y d r o c h l o r i c a c i d . The a c i d i f i e d aqueous l a y e r was t h e n e x t r a c t e d 
t h o r o u g h l y w i t h s e v e r a l p o r t i o n s o f 1:1 e t h e r - b e n z e n e . The o r g a n i c e x ­
t r a c t s were washed w i t h s a t u r a t e d b r i n e and d r i e d ove r a n h y d r o u s sodium 
s u l f a t e . A f t e r r emova l of t h e d r y i n g a g e n t t h e v o l a t i l e s o l v e n t s were 
removed in_ vacuo t o l e a v e a v i s c o u s y e l l o w o i l whose p r o p e r t i e s were 
E tOH 
found t o be as f o l l o w s . The u l t r a v i o l e t s p e c t r u m showed ^ j a x 244 nm 
(49-00) 305 nm (e 3 9 0 0 ) , A ^ ° H + N a 0 H 237 nm, e 8750 , 324 nm, e 4950 . 
CHC1 
The i n f r a r e d s p e c t r u m showed, among o t h e r s , a b s o r p t i o n s a t 3 1645 
r, - 1 
( a , 3 u n s a t u r a t e d k e t o n e ) , and 1565 cm ( c o n j u g a t e d d o u b l e b o n d ) . The 
CC1 
nmr s p e c t r u m showed a b s o r p t i o n s a t 6 ^ ^ 4 0 . 8 6 ( s , 3H, 9-CH^) , 2 .4 
(d b r o a d , J=9 Hz, 1H, 6 - H ) , 5 .75 and 6 . 5 8 (AB q u a r t e t , J A R = 10 Hz, 2H, 
1 , 2 - H ) , 7 .09 ( d , J=10 Hz, 0 .9 H, =€ -H) , 8 .5 ( s , 0 . 1 H, =CH0), and 13 .9 
(d , J=10 Hz, 0 .9 H, =C-0H. Exac t Mass: C a l c u l a t e d : 1 9 2 . 1 1 5 0 , 
Found: 1 9 2 . 1 0 4 8 . The m a t e r i a l weighed 6 . 5 g (53 p e r c e n t ) . 
1 4 
P r e p a r a t i o n of 3 - K e t o - 4 - f o r m y l - 9 - m e t h y l - A ' - h e x a h y d r o n a p h t h a l e n e (XXXIII) 
The g e n e r a l method of DeBarde leben was employed ( 1 0 ) . To a. 
s o l u t i o n of 3 .54 g ( 0 . 0 1 8 mo le s ) of XXXI d i s s o l v e d i n 100 ml of a n h y d r o u s 
d i o x a n e was added 4 . 5 2 g ( 0 . 0 2 m o l e s ) of DDQ d i s s o l v e d i n 100 ml of a n ­
h y d r o u s d i o x a n e . The s o l u t i o n was s w i r l e d f o r f o u r m i n u t e s , p o u r e d i n t o 
18 
300 ml of m e t h y l e n e c h l o r i d e and f i l t e r e d w i t h p r e s s u r e t h r o u g h a column 
of s i l i c a g e l . The column was t h e n e l u t e d w i t h 300 ml more of m e t h y l e n e 
c h l o r i d e . The e l u e n t was a c l o u d y g r e e n a t t h i s p o i n t t h e r e f o r e i t was 
s t i r r e d w i t h 5 g of N o r i t on t h e s team b a t h f o r a few m i n u t e s and f i l ­
t e r e d t h r o u g h C e l i t e . E v a p o r a t i o n of t h e r e s u l t i n g y e l l o w s o l u t i o n 
gave an o i l y s o l i d . The s o l i d p o r t i o n was s o l u b l e i n sodium b i c a r b o n a t e ; 
t h e r e f o r e t h e c r u d e r e a c t i o n p r o d u c t was d i s s o l v e d i n e t h e r and t h i s 
s o l u t i o n washed w i t h sodium b i c a r b o n a t e s o l u t i o n and t h e n w i t h s a t u r a t e d 
b r i n e . The e t h e r e a l s o l u t i o n was t h e n d r i e d o v e r a n h y d r o u s sodium s u l ­
f a t e , t h e d r y i n g a g e n t removed by f i l t r a t i o n and t h e s o l v e n t removed i n 
vacuo t o l e a v e 2 . 2 4 g (64 p e r c e n t ) of XXXIII whose p r o p e r t i e s a r e l i s t e d 
b e l o w . The i n f r a r e d s p e c t r u m of XXXIII showed, among o t h e r s , a b s o r p t i o n s 
CHC1 - 1 
a t ^ j a x 3 1667 ( a , 3 u n s a t u r a t e d k e t o n e ) , and 1625 cm ( c o n j u g a t e d d o u b l e 
E tOH 
b o n d ) . The u l t r a v i o l e t s p e c t r u m showed A ^ a x 242 nm ( e l 2 , 0 0 0 ) . The nmr 
CC1 
s p e c t r u m showed a b s o r p t i o n s a t ^ ^ g ^ 1.39 ( s , 3H, 9-CH^), 3 .80 ( d - b r o a d , 
J=14 Hz, 1H, 6H) , and 6 .17 and 6 . 8 1 (AB q u a r t e t , J . =10 Hz, 2H, 1 , 2 - H ) . 
AD 
Exac t Mass: C a l c u l a t e d : 1 9 0 , 0 9 9 0 , Found: 1 9 0 . 0 9 5 4 . 
1 4 
I r r a d i a t i o n of 3 - K e t o - 4 - f b r m y l - 9 - m e t h y l - A ' - h e x a h y d r o n a p h t h a l e n e (XXXIII) 
Compound XXXIII ( 2 . 2 4 g) was d i s s o l v e d i n 250 ml of 45 p e r c e n t 
a q u e o u s a c e t i c a c i d and i r r a d i a t e d w i t h t h e 450 w a t t s o u r c e employ ing a 
Pyrex f i l t e r f o r 1.5 h r . Benzene was added and t h e s o l v e n t removed i n 
v a c u o w i t h t h e a i d of a b e n z e n e a z e o t r o p e u n t i l t h e odor of a c e t i c a c i d was 
g o n e , l e a v i n g a v i s c o u s o i l . The nmr s p e c t r u m of t h e c r u d e r e a c t i o n 
m i x t u r e showed as t h e o n l y s i g n i f i c a n t a b s o r p t i o n s , i n a d d i t i o n t o t h e 
,CC1 
*TMS' a b s o r p t i o n s of t h e s t a r t i n g m a t e r i a l , 6
 c 4 6 .07 and 6 . 7 4 (AB q u a r t e t , 
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J A B = 1 0 H z ) , 5 . 32 ( s , b r o a d ) , and 1.36 ( s ) . F u r t h e r q u a l i t a t i v e ( i r ) 
e x a m i n a t i o n showed t h e m a t e r i a l t o be m a i n l y u n r e a c t e d s t a r t i n g 
m a t e r i a l (XXXII I ) . Vacuum d i s t i l l a t i o n o f t h e r e a c t i o n m i x t u r e gave a 
r e d d i s h - y e l l o w o i l b o i l i n g a t 1 0 5 - 1 1 5 / 0 . 1 mm . The nmr s p e c t r u m of t h i s 
m a t e r i a l showed a b s o r p t i o n s i d e n t i c a l t o t h o s e d e s c r i b e d a b o v e , b u t i n 
a v a s t l y d i f f e r e n t r a t i o of peak a r e a s . ( 4 : 1 f o r t h e c r u d e r e a c t i o n 
p r o d u c t a s compared t o 1 :1 .6 f o r t h e d i s t i l l e d m a t e r i a l . ) T h i s r a t i o 
was n o t e d t o change s l i g h t l y i n t h e d i r e c t i o n of t h e p h o t o p r o d u c t 
on s t a n d i n g o v e r n i g h t a t room t e m p e r a t u r e . 
F u r t h e r i r r a d i a t i o n of t h i s m a t e r i a l f o r 2 . 5 h r w i t h a 2537 A 
s o u r c e i n 45 p e r c e n t aqueous a c e t i c a c i d f o l l o w e d by t h e u s u a l workup 
gave a m a t e r i a l whose nmr s p e c t r u m was i d e n t i c a l t o t h a t of XXXIII . 
In a d d i t i o n , i r r a d i a t i o n of XXXIII f o r 4 h o u r s w i t h t h e 2537 A s o u r c e 
i n anhydrous d i o x a n e g a v e , a f t e r r emova l of t h e s o l v e n t i n vacuo a 
p o l y m e r i c mass w i t h no w e l l d e f i n e d s p e c t r a l c h a r a c t e r i s t i c s . Q u a l i t a ­
t i v e a n a l y s i s by g l c showed t h e mass t o c o n s i s t of a l a r g e number of 
compounds . 
P r e p a r a t i o n of 3 - K e t o - 4 - c y a n o - 9 - m e t h y l - A 1 - o c t a h y d r o n a p h t h a l e n e (XXXIV) 
The p r o c e d u r e of Kuehene (32) was f o l l o w e d f o r t h e p r e p a r a t i o n of 
XXXIV. Compound XXXII, 6 . 5 g ( 0 . 0 3 4 m o l e s ) was d i s s o l v e d i n 250 ml of 
g l a c i a l a c e t i c a c i d a l o n g w i t h 4 g of h y d r o x y l a m i n e h y d r o c h l o r i d e . The 
s o l u t i o n was h e a t e d a t r e f l u x i n a n i t r o g e n a t m o s p h e r e f o r two h o u r s , 
a f t e r which t h e s o l v e n t was a l m o s t c o m p l e t e l y removed by d i s t i l l a t i o n 
a t a s p i r a t o r p r e s s u r e . The r e s i d u e was a l l o w e d t o c o o l , d i s s o l v e d i n 
c h l o r o f o r m (100 ml) and washed t w i c e w i t h 25 ml of sodium h y d r o x i d e 
s o l u t i o n , f o l l o w e d by w a s h i n g w i t h w a t e r . The s o l u t i o n was d r i e d w i t h 
20 
anhydrous sodium s u l f a t e , t h e d r y i n g a g e n t removed by f i l t r a t i o n , and t h e 
s o l v e n t removed in_ vacuo t o l e a v e t h e i s o x a z o l e XXXV. Compound XXXV was 
n o t f u r t h e r p u r i f i e d b u t was s t i r r e d f o r 0 . 7 5 h r a t room t e m p e r a t u r e u n d e r 
n i t r o g e n w i t h a s u s p e n s i o n p r e p a r e d from 30 ml of a n h y d r o u s m e t h a n o l , 1.32 
g of sodium m e t a l , and 300 ml of anhydrous b e n z e n e . The r e a c t i o n m i x t u r e 
was t h e n e x t r a c t e d s e v e r a l t i m e s w i t h 50 ml p o r t i o n s of 0 . 5 p e r c e n t 
p o t a s s i u m h y d r o x i d e s o l u t i o n . The b a s i c e x t r a c t s were a c i d i f i e d w i t h 
d i l u t e h y d r o c h l o r i c a c i d and t h e a c i d i f i e d aqueous s o l u t i o n was e x t r a c t e d 
t h o r o u g h l y w i t h c h l o r o f o r m . The c h l o r o f o r m s o l u t i o n was washed w i t h 
w a t e r , d r i e d o v e r sodium s u l f a t e , and t h e d r y i n g a g e n t removed by f i l ­
t r a t i o n . The s o l v e n t was removed i n vacuo t o l e a v e a p a l e y e l l o w o i l 
which s o l i d i f i e d on s t a n d i n g t o g i v e 3 .2 g (50 p e r c e n t ) of XXXIV. Re­
c r y s t a l l i z a t i o n from e t h e r - h e x a n e gave w h i t e c r y s t a l s m e l t i n g a t 7 0 . 5 -
71.5°C ( s o f t e n i n g a t 6 5 ° C ) . The u l t r a v i o l e t s p e c t r u m of XXXIV showed 
EtOH 
^Max n m ' e T n e i n f r a r e d s p e c t r u m of XXXIV showed among o t h e r s , 
CHC1 
a b s o r p t i o n s a t v ^ a x 3 2247 ( -CN), 1681 ( a , 3 u n s a t u r a t e d k e t o n e ) , and 
and 1613 cm * ( c o n j u g a t e d d o u b l e b o n d ) . The nmr s p e c t r u m of XXXIV 
showed 6 1 ^ 4 1.11 ( s , 3H, 9-CH,,) , 3 .40 (d , J=13 Hz, 1H, 4-H) , and 5 .80 
and 6 . 8 1 (AB q u a r t e t , J A B = ! 0 Hz, 2H, 1-2H). Exac t Mass : C a l c u l a t e d : 
1 8 9 . 1 1 5 4 , Found: 1 8 9 . 1 1 5 0 . 
1 4 
P r e p a r a t i o n of 3 - K e t o - 4 - c y a n o - 9 - m e t h y l - A * - h e x a h y d r o n a p h t h a l e n e (XXXVI) 
The method of Kissman (33) was employed f o r t h e s y n t h e s i s o f 
XXXVI. To a s o l u t i o n of 4 . 4 g ( 0 . 0 2 m o l e s ) of DDQ d i s s o l v e d i n 100 ml of 
d r y d i o x a n e was added 2 . 5 g ( 0 . 1 3 m o l e s ) o f XXXIV d i s s o l v e d i n 50 ml of 
21 
d r y d i o x a n e . The s o l u t i o n was h e a t e d t o r e f l u x w i t h s t i r r i n g o v e r n i g h t . 
The r e a c t i o n m i x t u r e was a l l o w e d t o c o o l t o room t e m p e r a t u r e , and t h e 
s o l v e n t was removed in. v a c u o . The r e s i d u e was d i s s o l v e d i n 50 ml of 
b e n z e n e and f i l t e r e d t o remove t h e b u l k of t h e DDHQ. The b e n z e n e s o l u t i o n 
was f i r s t washed w i t h 0 . 5 p e r c e n t sodium h y d r o x i d e s o l u t i o n t h e n w i t h 
s a t u r a t e d b r i n e and f i n a l l y d r i e d o v e r a n h y d r o u s sodium s u l f a t e . The 
d r y i n g a g e n t was removed by f i l t r a t i o n , and t h e s o l v e n t was e v a p o r a t e d 
i n vacuo t o g i v e 2 . 1 g (86 p e r c e n t ) o f a p a l e y e l l o w o i l y s o l i d . 
R e c r y s t a l l i z a t i o n from e t h e r - h e x a n e gave w h i t e n e e d l e s m e l t i n g a t 7 8 . 5 -
EtOH 
7 9 ° . The u l t r a v i o l e t s p e c t r u m showed 247 nm, e 1 7 , 3 0 0 . The i n f r a -
CHC1 
r e d s p e c t r u m of XXXVI showed, among o t h e r s , a b s o r p t i o n s a t v M 3 
2235 ( -CN) , 1662 ( a , 3 u n s a t u r a t e d k e t o n e ) , and 1591 cm 1 ( c o n j u g a t e d 
CC1 
d o u b l e b o n d ) . The nmr s p e c t r u m of XXXVI showed a b s o r p t i o n s a t 6—. 4 1.4 
( s , 3H, 9 - C H 3 ) , 2 . 87 ( t - b r o a d , 1H, 6 - H ) , 6 .19 and 6 . 9 4 (AB q u a r t e t , 
J A D = 10 Hz, 2H, 1, 2H) . A n a l y t i c a l : C a l c u l a t e d : C 7 6 . 9 7 , H 6 . 9 9 , 
AD ' ^ 
Found: C 7 7 . 2 0 , H 7 . 0 6 . 
1 4 
I r r a d i a t i o n of 3 - K e t o - 4 - c y a n o - 9 - m e t h y l - A ' - h e x a h y d r o n a p h t h a l e n e (XXXVI) 
A s o l u t i o n of 2 . 1 g ( 0 . 0 1 moles ) o f XXXVI d i s s o l v e d i n 250 ml 
of 45 p e r c e n t aqueous a c e t i c a c i d , was i r r a d i a t e d f o r 4 . 5 h r w i t h t h e 
450 w a t t s o u r c e u s i n g a Py rex f i l t e r . Benzene was added and t h e s o l v e n t 
removed rn vacuo w i t h t h e a i d of a b e n z e n e a z e o t r o p e u n t i l t h e odor of 
a c e t i c a c i d was gone t o y i e l d 1.22 g of a v i s c o u s brown o i l . The 
c r u d e p r o d u c t was c h r o m a t o g r a p h e d o v e r 4 0 g of s i l i c a g e l . E l u t i o n w i t h 
150 ml each of 1 5 , 20 , and 25 p e r c e n t e t h e r i n hexane gave a t o t a l of 
0 . 6 1 g (3 p e r c e n t ) of a w h i t e s o l i d m e l t i n g , a f t e r r e c r y s t a l l i z a t i o n from 
22 
e t h e r , a t 179-180°C which was b a s e s o l u b l e and gave a p o s i t i v e f e r r i c 
c h l o r i d e t e s t a c c o r d i n g t o Soloway ( 3 4 ) . The u l t r a v i o l e t s p e c t r u m 
showed xJ j*° H 246 nm (e 9 8 7 0 ) , 250 nm (e 9 5 3 ) , X ^ ° H 300 nm, e 3610 , 
304 nm, e 3800 . The i n f r a r e d s p e c t r u m showed, among o t h e r s , a b s o r p t i o n s 
CHC: 
;Max 
P P 1 1 
a t 3 3550 ( - 0 H ) , 2215 ( -CN), 1615 and 1565 cm . The nmr s p e c t r u m 
CDC1 
of t h e compound e x h i b i t e d a b s o r p t i o n s a t 6 . ^ 3 2 . 3 9 ( s , 3H, Ar -CH^) , 
and 6 , 5 7 ( s , 1H, A r - H ) . E x a c t Mass: C a l c u l a t e d : 1 8 7 . 0 9 9 4 , Found: 
1 8 7 . 0 9 6 6 . On t h e b a s i s o f t h e above d a t a and c o m p a r i s o n w i t h t h e known 
p h e n o l XXXVII ( 6 ) , t h e compound was a s s i g n e d t h e s t r u c t u r e XXXVIII. 
F u r t h e r e l u t i o n w i t h 150 ml each of 3 0 , 3 5 , 4 0 , and 45 p e r c e n t e t h e r 
i n h e x a n e gave a t o t a l of 0 . 3 0 2 g ( 1 3 . 5 p e r c e n t ) o f a v i s c o u s y e l l o w 
o i l whose s p e c t r a l p r o p e r t i e s e x h i b i t e d t h e f o l l o w i n g c h a r a c t e r i s t i c s . 
The u l t r a v i o l e t s p e c t r u m showed 238 nm (e 8 8 0 0 ) . The i n f r a r e d 
CHC1 
s p e c t r u m showed, among o t h e r s , a b s o r p t i o n s a t ^ M a x 3 2235 (-CN), 1690 
( a , 3 u n s a t u r a t e d c y c l o p e n t a n o n e ) , and 1605 cm 1 ( con juga t ed d o u b l e b o n d ) . 
CDC1 
The nmr s p e c t r u m showed s i g n i f i c a n t a b s o r p t i o n s a t ^ j ^ g 3 1.15 ( s , 3H, 
t e r t . - C H ^ ) . No a b s o r p t i o n i n t h e r e g i o n 4 . 0 - 7 .0 ppm was o b s e r v e d . 
A l though mass s p e c t r a l a n a l y s i s f a i l e d t o show t h e d e s i r e d m o l e c u l a r 
i o n (m/e 205) t h e compound was a s s i g n e d t h e s t r u c t u r e XXXIV on t h e 
b a s i s o f t h e above d a t a and i n a n a l o g y t o t h e known p e r h y d r o a z u l e n e 
I I I ( 8 ) . C o n t i n u e d e l u t i o n w i t h 150 ml each o f 5 5 , 6 0 , and 65 p e r c e n t 
c 
e t h e r i n h e x a n e gave a t o t a l of 0 . 3 7 2 g of a m i x t u r e of two compounds 
t h e ma jo r component of which was i d e n t i f i e d as s t a r t i n g m a t e r i a l . 
F i n a l l y e l u t i o n w i t h 150 ml each o f 7 0 , 7 5 , 8 0 , 8 5 , 9 0 , 95 e t h e r i n 
hexane gave a t o t a l o f 0 , 4 8 8 g (24 p e r c e n t ) o f a v i s c o u s y e l l o w o i l 
23 
which showed t h e f o l l o w i n g p r o p e r t i e s . The u l t r a v i o l e t s p e c t r u m showed 
E tOH 
X.. 227 nm, e 6500 . The i n f r a r e d s p e c t r u m showed, among o t h e r s , Max 
CHC 1 
a b s o r p t i o n s a t v M a x 3 3590 ( - 0 H ) , 2245 ( -CN), 1722 ( a , 3 u n s a t u r a t e d c y c l o -
p e n t a n o n e ) , and 1602 cm * ( c o n j u g a t e d d o u b l e b o n d ) . The nmr s p e c t r u m 
CDC1 
showed a b s o r p t i o n s a t S-j^g 3 1.35 ( s , 3H, t e r t . - C H ^ ) , 3 . 8 7 ( s , 1H, 4-H) , 
and 6 .20 and 8 . 1 1 (AB q u a r t e t , J ^ R = 5 . 5 Hz, 2H, 1 , 2 - H ) . Exac t Mass : 
C a l c u l a t e d : 2 0 5 . 1 1 0 2 , Found: 2 0 5 . 1 1 0 2 . On t h e b a s i s of t h e above 
d a t a and i n a n a l o g y t o t h e known s p i r o k e t o n e IV ( 6 ) , t h e compound was 
a s s i g n e d t o t h e s t r u c t u r e XL. 
4 
P r e p a r a t i o n o f 2 - A c e t o x y - 3 - k e t o - 9 - m e t h y l - A - o c t a h y d r o n a p h t h a l e n e (XLI) 
The method of Seeback (35) was employed f o r t h e s y n t h e s i s of 
XLI. To a s o l u t i o n of 41 g ( 0 . 0 9 3 m o l e s ) of l e a d t e t r a a c e t a t e d i s s o l v e d 
i n 200 ml of g l a c i a l a c e t i c a c i d and 20 ml of a c e t i c a n h y d r i d e was added 
10 g ( 0 . 0 6 1 mo le s ) of 3 - k e t o - 9 - m e t h y l - o c t a h y d r o n a p h t h a l e n e (XXVIIf>) ( 2 8 ) . 
The m i x t u r e was s t i r r e d u n d e r n i t r o g e n a t 70-80°C f o r 24 h r . Most of 
t h e s o l v e n t was removed by d i s t i l l a t i o n a t a s p i r a t o r p r e s s u r e , 100 ml 
of w a t e r was a d d e d , and t h e m i x t u r e was e x t r a c t e d t h o r o u g h l y w i t h 
e t h e r . The e t h e r e x t r a c t s were c a u t i o u s l y n e u t r a l i z e d w i t h s o l i d 
sodium b i c a r b o n a t e and d r i e d ove r anhyd r ous sodium s u l f a t e . The d r y i n g 
a g e n t was removed by f i l t r a t i o n , and t h e e t h e r was removed i n v a c u o . 
The d a r k brown o i l which r e m a i n e d was s u b j e c t e d t o vacuum d i s t i l l a t i o n 
1 4 
t o g i v e s t a r t i n g m a t e r i a l and t h e c o r r e s p o n d i n g A ' compound (10) b o i l ­
i n g a t 8 0 - 8 5 ° C / 0 . 0 0 5 mm, f o l l o w e d by 5 . 2 2 g (39 p e r c e n t ) o f t h e d e s i r e d 
p r o d u c t XLI b o i l i n g a t 1 0 0 - 1 3 0 ° C / 0 . 0 0 5 mm. The f o l l o w i n g p r o p e r t i e s 
E tOH 
were o b s e r v e d f o r XLI. The u l t r a v i o l e t s p e c t r u m of XLI showed ^ j a x 
24 
241 nm, e 1 1 , 0 0 0 . The i n f r a r e d s p e c t r u m showed, among o t h e r s , a b s o r p t i o n s 
CHC1 
a t v M a x
 3
 1740 ( e s t e r c a r b o n y l ) , 1686 ( a , 3 u n s a t u r a t e d k e t o n e ) and 1619 
cm * ( c o n j u g a t e d d o u b l e b o n d ) . The nmr s p e c t r u m of XLI showed a b s o r p t i o n s 
a t 6^Jg4 1.25 ( s , 0 .6H, 9-CH ) , 1.38 ( s , 0 . 4 H, 9 - C H 3 ) , 2 .07 ( s , 3H, -0CH 3 
5 .23 ( t - b r o a d , 1H, 2 - H ) , 5 .62 ( s - b r o a d , 0 .4H, 4 - H ) , and 5 .67 ( s - b r o a d , 
0 .6H, 4 - H ) . A n a l y t i c a l : C a l c u l a t e d : C 7 0 . 2 4 , H 8 . 1 6 , Found: C 7 0 . 0 9 , 
H 8 . 1 6 . 
S a p o n i f i c a t i o n and O x i d a t i o n of XLI,; P r e p a r a t i o n of 2 - M e t h o x y - 3 - k e t o - 9 -
1 4 
Methyl -A * - h e x a h y d r o n a p h t h a l e n e (XLII) 
The p r o c e d u r e of Rao and A x e l r o d (36) was employed f o r t h e 
o x i d a t i o n of XLI. A s o l u t i o n of 2 .26 g ( 0 . 0 1 m o l e s ) of t h e k e t o - a c e t a t e 
XLI i n 150 ml of m e t h a n o l was t r e a t e d w i t h 1.2 g ( 0 . 0 2 2 m o l e s ) of 
p o t a s s i u m h y d r o x i d e d i s s o l v e d i n 10 ml of w a t e r . The r e s u l t i n g r e a c t i o n 
m i x t u r e was s t i r r e d o v e r n i g h t a t room t e m p e r a t u r e w h i l e a t h i n s t r e a m 
of oxygen was b u b b l e d t h r o u g h t h e y e l l o w s o l u t i o n u s i n g a f r i t t e d 
c y l i n d e r . The r e a c t i o n m i x t u r e was t h e n e v a p o r a t e d t o n e a r d r y n e s s , t h e 
r e s i d u e was d i l u t e d w i t h 50 ml of w a t e r , and t h e aqueous s o l u t i o n was 
washed w i t h s e v e r a l 50 ml p o r t i o n s of e t h e r . The aqueous l a y e r was t h e n 
a c i d i f i e d w i t h d i l u t e h y d r o c h l o r i c a c i d and e x t r a c t e d t h o r o u g h l y w i t h 
e t h e r . The e t h e r e x t r a c t s were d r i e d o v e r anhydrous sodium s u l f a t e , 
t h e d r y i n g a g e n t was removed by f i l t r a t i o n , and t h e s o l v e n t was r e ­
moved i n v a c u o t o l e a v e a v i s c o u s y e l l o w o i l . The o i l was n o t f u r t h e r 
p u r i f i e d , b u t was d i s s o l v e d i n 100 ml of d r y t - - b u t y l a l c o h o l s t i r r e d 
u n d e r n i t r o g e n , and a s o l u t i o n of 0 . 4 5 g ( 0 . 1 1 5 g ram-a toms) of p o t a s s i u m 
m e t a l d i s s o l v e d i n 50 ml of d r y t - b u t y l a l c o h o l was added i n a t h i n s t r e a m . 
The r e a c t i o n m i x t u r e , which t u r n e d an o r a n g e - r e d , was s t i r r e d 0 . 5 h r a t 
25 
which t i m e 4 g ( 0 . 0 2 8 moles ) of m e t h y l i o d i d e was added i n a t h i n s t r e a m . 
The r e a c t i o n m i x t u r e was h e a t e d t o r e f l u x 20 min a t which t i m e a p p r o x i m a t e l y 
3 /4 of t h e t - b u t y l a l c o h o l was removed by d i s t i l l a t i o n . F i f t y m i l l i ­
l i t e r s of w a t e r was t h e n added and t h e m i x t u r e was e x t r a c t e d w i t h e t h e r . 
The e t h e r e x t r a c t s were d r i e d w i t h a n h y d r o u s sodium s u l f a t e , t h e d r y i n g 
a g e n t was removed by f i l t r a t i o n , and t h e e t h e r was removed i i i vacuo 
t o l e a v e a y e l l o w o i l which c r y s t a l l i z e d on s t a n d i n g . R e c r y s t a l l i z a t i o n 
from e t h e r gave w h i t e p l a t e l e t s m e l t i n g a t 1 0 6 . 5 - 1 0 7 ° C . The compound 
1 4 
was i d e n t i f i e d a s 2 - m e t h o x y - 3 - k e t o - 9 - m e t h y l - A ' - h e x a h y d r o n a p h t h a l e n e 
(XLII) by a n a l o g y t o t h e work of Baran ( 3 7 ) , and by i t s s p e c t r a l and 
a n a l y t i c a l p r o p e r t i e s r e p o r t e d be low. The u l t r a v i o l e t s p e c t r u m of XLII 
Et'OH 
showed ^ M a x 250 nm, £ 1 0 , 0 0 0 . The i n f r a r e d s p e c t r u m showed, among o t h e r s , 
CHC 1 
a b s o r p t i o n s a t 3 1658 and 1635 ( a , 3 u n s a t u r a t e d k e t o n e ) and 1615 
cm * ( c o n j u g a t e d d o u b l e b o n d ) . The nmr s p e c t r u m showed a b s o r p t i o n s a t 
6 ^ 4 1.28 ( s , 3H, 9 - C H 3 ) , 3.(52 ( s , 3H, 2-0CH 3 ) , 5 .77 ( s , 1H, 4-H) , 
and 5 .97 ( s , 1H, 1-H). A n a l y t i c a l : C a l c u l a t e d , C 7 4 . 9 6 , H 8 . 3 9 , 
Found: C 7 4 . 7 5 , H 8 . 2 3 . 
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I r r a d i a t i o n of 2 -Methoxy-3 -ke to -9 - -me thy l -A ' h e x a h y d r o n a p h t h a l e n e (XLII) 
I t was found t h a t i r r 2 L d i a t i o n w i t h e i t h e r t h e 2537 X s o u r c e 
f o r an e x t e n d e d p e r i o d of t i m e (8 t o 12 h r ) o r t h e 450 Wat t s o u r c e 
i n q u a r t z f o r 1 t o 3 h r a c c o m p l i s h e d t h e same r e s u l t . The p r o g r e s s of 
t h e r e a c t i o n c o u l d b e f o l l o w e d by o b s e r v i n g , t h e d i s a p p e a r a n c e of t h e 
s t a r t i n g m a t e r i a l c a r b o n y l a b s o r p t i o n I n t h e i n f r a r e d w h i l e s i m u l ­
t a n e o u s l y o b s e r v i n g t h e a p p e a r a n c e of a new c a r b o n y l a b s o r p t i o n w h i c h , 
i n f a c t , was t h e a b s o r p t i o n due t o t h e main p r o d u c t of r e a r r a n g e m e n t . 
26 
I n a t y p i c a l run 7 .6 g ( 0 , 0 4 moles ) of XLII was d i s s o l v e d i n 300 ml of 
45 p e r c e n t aqueous a c e t i c a c i d and i r r a d i a t e d u n t i l t h e new c a r b o n v l 
g roup i n f r a r e d a b s o r p t i o n had r e a c h e d a maximum w i t h r e s p e c t t o t h a t 
of t h e s t a r t i n g m a t e r i a l . A f t e r t h e i r r a d i a t i o n was c o m p l e t e , t h e 
s o l v e n t was removed by l y o p h i l i z a t i o n and t h e r e s u l t i n g d a r k brown o i l 
was ch roma tog raphed o v e r 150 g of s i l i c a g e l , E l u t i o n w i t h 150 ml each 
of hexane and 10 p e r c e n t e t h e r i n hexane a f f o r d e d no m a t e r i a l on 
e v a p o r a t i o n of each p o r t i o n . F u r t h e r e l u t i o n w i t h 150 ml each of 20 , 
30 , and 40 p e r c e n t e t h e r i n hexane gave a t o t a l of 0 . 235 g of a m i x t u r e 
of compounds which were h o t i d e n t i f i e d , E l u t i o n w i t h 150 ml more of 
40 p e r c e n t e t h e r i n hexane and 300 ml of 50 p e r c e n t e t h e r i n hexane 
gave a m i x t u r e of compounds w e i g h i n g a t o t a l of 0 ,516 g , t h e ma jo r 
component of which was shown t o b e a - h y d r o x y d i e n o n e XLII I by c o m p a r i ­
son w i t h t h e i n t e r m e d i a t e of t h e same s t r u c t u r e p r e p a r e d i n s y n t h e s i s of 
XLII , E l u t i o n w i t h an a d d i t i o n a l 300 ml of 50 p e r c e n t e t h e r i n h e x a n e 
f o l l o w e d by 600 ml of 60 p e r c e n t and 300 ml of 70 p e r c e n t e t h e r i n 
hexane gave 4 . 6 9 g of r e c o v e r e d s t a r t i n g m a t e r i a l , E l u t i o n w i t h 300 
ml of 80 p e r c e n t e t h e r i n h e x a n e , 300 ml of 90 p e r c e n t e t h e r i n h e x a n e , 
and 150 ml of 100 p e r c e n t e t h e r gave a t o t a l of 0„342 g of a m i x t u r e of 
s t a r t i n g m a t e r i a l and a compound l a t e r i d e n t i f i e d a s t h e d e s i r e d p r o d u c t . 
F i n a l l y e l u t i o n w i t h 1000 ml of 100 p e r c e n t e t h e r gave 1,11 g (35 p e r ­
c e n t b a s e d on r e c o v e r e d s t a r t i n g m a t e r i a l ) of a p a l e y e l l o w o i l . P u r i ­
f i c a t i o n by t h r e e s u c c e s s i v e m i c r o Hickman d i s t i l l a t i o n s gave an a l m o s t 
c o l o r l e s s o i l b o i l i n g a t 110-120°C/105mm ( p o t t e m p e r a t u r e ) . The mass 
s p e c t r u m showed a m o l e c u l a r i o n a t m/e 210 , The u l t r a v i o l e t s p e c t r u m 
27 
showed A ^ a ^ H 257 nm, e 6700< The i n f r a r e d s p e c t r u m showed, among o t h e r s , 
CHC 1 
a b s o r p t i o n s a t 3 1712 ( a , 3 u n s a t u r a t e d c y c l o p e n t a n o n e ) , and 1628 
_ _[ 
cm ( c o n j u g a t e d d o u b l e b o n d ] r The nmr s p e c t r u m showed a b s o r p t i o n s a t 
6 r ; i 4 0 .92 ( s , 3H, 6 - C H J , 1,80 and 2 , 5 8 (AB q u a r t e t , J =18 ,5 Hz, 2H, 1Mo o AD 
4 a , 43H) , 3 . 5 7 ( s , 3H, 2-OCHg), and 6 . 2 2 ( s , 1H, - H ) . A n a l y t i c a l : 
C a l c u l a t e d : C-68.54, H 8 . 6 3 . Found: C 68.74, H 8 . 6 9 , The m a t e r i a l was i d e n t i ­
f i e d as 2 - m e t h o x y - 3 - k e t o - 6 a - m e t h y l - 6 3 - h y d r o x y - ( 4 c 5 ) s p i r o d e c e n e - l (XLIV) 
by t h e above s p e c t r a l d a t a and by a n a l o g y t o t h e known s p i r o - k e t o n e IV 
C6). 
Dur ing c h r o m a t o g r a p h y of a s u b s e q u e n t r u n i n which t h e 450 w a t t 
s o u r c e was used a second s p i r o - k e t o n e was i s o l a t e d i n a p p r o x i m a t e l y 
3 p e r c e n t y i e l d on e l u t i o n w i t h 300 ml of 50 p e r c e n t e t h e r i n h e x a n e 
and was shown t o have t h e s t r u c t u r e 2 - m e t h o x y - 3 - k e t o - 6 o i - m e t h y l - 6 3 -
a c e t o x y ( 4 : 5 ) s p i r o d e c e n e - l (XLV). Th i s m a t e r i a l was i d e n t i f i e d by 
a n a l o g y t o t h e work of Powers (38) and by t h e f o l l o w i n g s p e c t r a l p r o p e r -
EtOH 
t i e s . The u l t r a v i o l e t s p e c t r u m of XLV showed 254 nm, £ 5 9 0 0 . 
CHC 1 
The i n f r a r e d s p e c t r u m showed, among o t h e r s , a b s o r p t i o n s a t 3 1718 
- 1 
( a , 3 u n s a t u r a t e d c y c l o p e n t a n o n e and a c e t a t e c a r b o n y l ) , and 1630 cm 
CC1 
( c o n j u g a t e d d o u b l e b o n d ) . The nmr s p e c t r u m showed a b s o r p t i o n s a t ^^ jg4 
1.40 ( s , 3H, 5-CH ) , 1.92 ( s , 3H, -OAc) , 1.80 and 2 . 5 8 (AB q u a r t e t , 
J =19 Hz, 2H, 4 - H ) , 3 .70 ( s , 3H, 2 - 0 C H J , and 6 . 3 4 ( s , 1H, 1-H) . 
AD O 
Exac t Mass: C a l c u l a t e d : 2 5 2 . 1 3 6 1 , Found: 252 .13 72 . 
4 " • 
P r e p a r a t i o n of 2 - A c e t o , x y - 3 - k e t o - 5 , 9 - d i m e t h y l - A - o c t a h y d r o n a p h t h a l e n e (XLVI) 
The method used f o r p r e p a r a t i o n of XLI was employed . To a s o l u -
4 
t i o n o f 7 2 , 6 g ( 0 , 4 1 m o l e s ) of 3 - k e t o - 5 , 9 - d i m e t h y l - A - o c t a h y d r o ­
n a p h t h a l e n e (XLVII) , p r e p a r e d a c c o r d i n g t o t h e method of M a r s h a l l ( 3 9 ) , 
28 
d i s s o l v e d i n 800 ml of g l a c i a l a c e t i c a c i d c o n t a i n i n g 60 ml of a c e t i c 
a n h y d r i d e was added 300 g ( 0 , 6 8 moles ) of l e a d t e t r a a c e t a t e . The 
r e a c t i o n m i x t u r e was h e a t e d a t 60°C f o r 36 h r a f t e r which t i m e 
most of t h e a c e t i c a c i d was removed by d i s t i l l a t i o n a t a s p i r a t o r p r e s ­
s u r e . The brown mass r e m a i n i n g was d i l u t e d w i t h 200 ml of w a t e r and 
e x t r a c t e d t h o r o u g h l y w i t h e t h e r . The e t h e r e x t r a c t s were n e u t r a l i z e d 
w i t h sodium b i c a r b o n a t e , washed" w i t h w a t e r , and d r i e d o v e r sodium 
s u l f a t e , The d r y i n g a g e n t was removed by f i l t r a t i o n , and t h e s o l v e n t 
was removed i n vacuo t o l e a v e a v i s c o u s y e l l o w o i l . The o i l was s u b ­
j e c t e d t o vacuum d i s t i l l a t i o n t o g i v e f r a c t i o n s b o i l i n g a t 8 0 - 1 2 0 ° C / 
0 , 2 5 mm and a t 1 2 0 - 1 4 0 ° C / 0 , 2 5 mm. The fo rmer was shown t o be a m i x t u r e 
1 4 
of s t a r t i n g m a t e r i a l and t h e c o r r e s p o n d i n g A ' compound, w h i l e t h e l a t ­
t e r was shown t o be t h e d e s i r e d p r o d u c t by t h e f o l l o w i n g s p e c t r a l d a t a 
and by s p e c t r a l a n a l o g y t o compound XLI. The m a t e r i a l weighed 4 2 , 8 g 
E tOH 
(44 p e r c e n t ) «, The u l t r a v i o l e t s p e c t r u m of XLVI showed 242 nm, 
e 12,600o The i n f r a r e d s p e c t r u m showed, among o t h e r s , a b s o r p t i o n s a t 
CHC1 
^Max ^ ( a c e t a t e c a r b o n y l ) , 1691 ( a , B u n s a t u r a t e d k e t o n e ) , and 1615 
cm 1 ( c o n j u g a t e d d o u b l e b o n d ) , The nmr s p e c t r u m showed a b s o r p t i o n s a t 
6 ^ 4 l o -05 ( d - b r o a d , 3H, 5 - C H 3 ) , 1,25 ( s , 2H, 9 - C H 3 ) , 1,42 ( s , 1H, 
9 - C H 3 ) , 2 , 0 3 ( s , 3H, 2-OAc), 5 ,25 ( t - b r o a d , 1H, 2a§B-H) , and 5 . 6 2 ( s -
b r o a d , 1H, 4 - H ) , A n a l y t i c a l : C a l c u l a t e d : C 7 1 , 1 5 , H 8 , 5 3 , Found: 
C 7 0 , 8 9 , H 8 , 4 0 , 
S a p o n i f i c a t i o n and O x i d a t i o n of XLVI 
The p r o c e d u r e of Rao and A x e l r o d (36) was employed . To a 
s o l u t i o n of 4 2 , 8 g ( 0 , 1 8 m o l e s ) of XLVI d i s s o l v e d i n 300 ml of m e t h a n o l 
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was added a s o l u t i o n of 30 g ( 0 , 5 4 m o l e s ) of p o t a s s i u m h y d r o x i d e i n 100 
ml of w a t e r . The y e l l o w s o l u t i o n was s t i r r e d a t room t e m p e r a t u r e f o r 24 
h r w h i l e a t h i n s t r e a m of oxygen was b u b b l e d t h r o u g h a f r i t t e d c y l i n d e r 
i n t o t h e s o l u t i o n . The m e t h a n o l was p a r t i a l l y removed i n v a c u o , and t h e 
r e a c t i o n m i x t u r e was d i l u t e d w i t h an e q u a l volume of w a t e r . The aqueous 
s o l u t i o n was t h e n washed t h o r o u g h l y w i t h e t h e r , a c i d i f i e d w i t h d i l u t e 
h y d r o c h l o r i c acid , , and t h e a c i d i f i e d aqueous s o l u t i o n was e x t r a c t e d 
t h o r o u g h l y w i t h e t h e r . The e t h e r e x t r a c t s were washed once w i t h s a t u r a ­
t e d b r i n e and d r i e d o v e r a n h y d r o u s sodium s u l f a t e . The d r y i n g a g e n t was 
removed by f i l t r a t i o n and t h e e t h e r was removed i n vacuo t o a f f o r d 3 3 . 2 
g (96 p e r c e n t ) o f c r u d e XLVIII . The m a t e r i a l was n o t f u r t h e r p u r i f i e d , 
b u t was u s e d d i r e c t l y i n t h e n e x t s t e p b e l o w . 
M e t h y l a t i o n of XLVII t o g i v e 2 - M e t h o x y - 3 - k e t o - 5 , 9 - d i m e t h y l - A 1 > 4 -
h e x a h y d r o n a p h t h a l e n e (XLIV) 
To a s o l u t i o n p r e p a r e d from 2 8 . 5 g ( 0 . 7 3 g ram-a toms) of p o t a s s i u m 
m e t a l and 1000 ml of d r y t - b u t y l a l c o h o l s t i r r e d u n d e r n i t r o g e n was 
a d d e d , i n a t h i n s t r e a m , a s o l u t i o n of 3 3 . 2 g ( 0 . 1 7 m o l e s ) of XLVIII 
d i s s o l v e d i n 200 ml of d r y t - b u t y l a l c o h o l . The s o l u t i o n was s t i r r e d 
f o r two h o u r s , and 142 g (1 mole) of m e t h y l i o d i d e was added i n a t h i n 
s t r e a m , The m i x t u r e was s t i r r e d a.n a d d i t i o n a l h o u r a t room t e m p e r a t u r e , 
b o i l e d u n d e r r e f l u x f o r 0 5 h r , and a p p r o x i m a t e l y 500 ml of t h e t - b u t y l 
a l c o h o l removed by d i s t i l l a t i o n , The r e m a i n i n g s o l u t i o n was d i l u t e d 
w i t h an e q u a l volume of w a t e r and e x t r a c t e d t h o r o u g h l y w i t h e t h e r . The 
e t h e r e x t r a c t s were washed once w i t h 50 ml of 10 p e r c e n t sodium 
h y d r o x i d e and w i t h s a t u r a t e d b r i n e and d r i e d o v e r a n h y d r o u s sodium s u l f a t e . 
The d r y i n g a g e n t was removed by f i l t r a t i o n , and t h e e t h e r was removed 
i n vacuo . t o l e a v e 23 g (64 p e r c e n t ) of a y e l l o w o i l which c r y s t a l l i z e d 
on s t a n d i n g , R e c r y s t a l l i z a t i o n from e t h e r - h e x a n e gave w h i t e p r i s m s 
m e l t i n g a t 8 2 , 5 - 8 3 & C , The u l t r a v i o l e t s p e c t r u m showed ^ J ^ ^ 251 nm, 
e 1 1 , 3 0 0 , The i n f r a r e d s p e c t r u m showed, among o t h e r s , a b s o r p t i o n s a t 
CHC1 - 1 
v 3 1655 and 1635 ( a , $ u n s a t u r a t e d k e t o n e ) and 1610 cm ( c o n j u g a t e d jviax 
CC1 
d o u b l e b o n d ) . The nmr s p e c t r u m showed a b s o r p t i o n s a t ^ ^ g ^ 1,10 (d , 
J=6 Hz, 3H, 5 - C H 3 ) , 1,25 ( s , 3H, 9 - 0 ^ , 3 . 5 7 ( s , 3H, 2 - 0 0 ^ , 5 . 7 4 ( s , 
1H, 1-H), and 5 , 9 0 ( d , J = l , 7 H z , 1H, 4 - H ) . A n a l y t i c a l : C a l c u l a t e d : 
C 7 5 , 6 9 , H 8 , 7 9 , Found: C 7 5 , 4 4 , H 8 , 6 1 , . On t h e b a s i s of t h e above 
s p e c t r a and by a n a l o g y t o XLII t h e m a t e r i a l was i d e n t i f i e d a s XLIX. 
1 4 
I r r a d i a t i o n of 2 - M e t h p x y - 3 - k e t o - 5 , 9 - d i m e t h y l - A ' - h e x a h y d r o n a p h t h a l e n e 
(XLIX) 
As was r e p o r t e d i n t h e c a s e of compound XLII e i t h e r t h e 2537 A 
s o u r c e o r t h e h i g h p r e s s u r e s o u r c e (450 w a t t s ) c o u l d b e u s e d t o e f f e c t 
t h e d e s i r e d t r a n s f o r m a t i o n of XLII t o L. The p r o g r e s s of t h e t r a n s ­
f o r m a t i o n c o u l d a l s o be m o n i t o r e d i n t h e same f a s h i o n as d e s c r i b e d 
f o r t h e r e a r r a n g e m e n t of XLI I , In a t y p i c a l example 23 g ( 0 , 1 1 2 m o l e s ) 
of XLIX was i r r a d i a t e d f o r f i v e h o u r s w i t h t h e 450 w a t t s o u r c e a t a 
c o n c e n t r a t i o n o f 2 g p e r 250 ml of 45 p e r c e n t a c e t i c a c i d - w a t e r . Twelve 
grams of t h e m a t e r i a l was c h r o m a t p g r a p h e d o v e r 240 g of s i l i c a g e l , 
E l u t i o n w i t h 300 ml each o f h e x a n e , and 5 , 10 , 20 and 30 p e r c e n t e t h e r 
i n hexane gave p o r t i o n s c o n t a i n i n g o n l y s m a l l amounts of m i x t u r e s of 
compounds, E l u t i o n w i t h 300 ml each of 40 and 50 p e r c e n t e t h e r i n 
hexane gave a t o t a l of 1,23 g of t h e a - h y d r o x y d i e n o n e XLVII. T h i s 
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compound was i d e n t i f i e d by compar i son t o t h e i n t e r m e d i a t e of t h e same 
s t r u c t u r e p r e p a r e d i n t h e s y n t h e s i s of XLIX. F u r t h e r e l u t i o n w i t h 300 
ml more of 50 p e r c e n t e t h e r i n h e x a n e f o l l o w e d by 900 ml of 60 p e r c e n t 
e t h e r i n hexane and 600 ml o f 70 p e r c e n t e t h e r i n h e x a n e gave on ly 
m i x t u r e s of o i l y m a t e r i a l s which had no c l e a r l y d e f i n e d s p e c t r a l 
c h a r a c t e r i s t i c s . E l u t i o n w i t h 900 ml of 80 p e r c e n t e t h e r i n hexane 
gave 1.83 grams of t h e s t a r t i n g m a t e r i a l XLIX. E l u t i o n w i t h an a d d i ­
t i o n a l 300 ml o f 90 p e r c e n t e t h e r i n h e x a n e gave a m i x t u r e of s t a r t i n g 
m a t e r i a l and a compound l a t e r i d e n t i f i e d a s L. F i n a l l y e l u t i o n w i t h 
600 ml of 100 p e r c e n t e t h e r and 600 ml of 50 p e r c e n t m e t h a n o l i n e t h e r 
gave 2 ,26 grams o f L. The r e g a i n i n g 11 g of c r u d e p h o t o p r o d u c t was 
c h r o m a t o g r a p h e d o v e r a n o t h e r 240 g of s i l i c a g e l i n a manner a n a l o g o u s 
t o t h a t d e s c r i b e d a b o v e . The t o t a l y i e l d of L was 5 .64 g (28 p e r c e n t 
b a s e d on 4 . 5 2 g r e c o v e r e d s t a r t i n g m a t e r i a l ) . The s t r u c t u r e o f L 
was c o r r o b o r a t e d by a n a l o g y t o i v ( 6 ) , XL, and XLIV and by t h e f o l l o w i n g 
8 
p r o p e r t i e s . The mass s p e c t r u m showed a m o l e c u l a r i o n a t m/e 224 . The 
Et'OH 
u l t r a v i o l e t s p e c t r u m showed 258 nm, e 8 , 3 0 0 . The i n f r a r e d s p e c t r u m 
CHC1 
of L showed, among o t h e r s , a b s o r p t i o n s a t 3 1711 (a,(3 u n s a t u r a t e d 
_ i 
c y c l o p e n t a n o n e ) , 1626 ( c o n j u g a t e d d o u b l e b o n d ) , 1460, 1 3 8 1 , and 1351 cm 
CDC1 
The nmr s p e c t r u m of L showed a b s o r p t i o n s a t $ T M g 3 0 . 7 2 (d , J=6 Hz, 3H, 
1 0 - C H J , 1.05 ( s , 3H, 6 - a - C H J , 2 .16 and 2 . 7 2 (AB q u a r t e t , J = 1 9 . 5 Hz, 6 6 AD 
2H, 4 - H ) , 3 .75 ( s , 3H, 2T0CH ) , and 6 . 3 3 ( s , 1H, 1-H) . A n a l y t i c a l : 
C a l c u l a t e d : C 6 9 . 6 4 , H 8 . 9 3 , Found: C 6 9 . 3 8 , H 8 . 7 0 . These p r o p e r t i e s 
s u p p o r t t h e s t r u c t u r e 2 - m e t h o x y - 3 - k e t o - 6 a , 10a-dime t h y l -6(3-hydr oxy-
[ 4 : 5 ] s p i r o d e c e n e - 1 ( L ) , 
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L i th ium Aluminum Hydr ide R e d u c t i o n o f XLIV 
To a s o l u t i o n of 0 , 1 1 4 g (0=003 m o l e s ) of l i t h i u m aluminum 
h y d r i d e s t i r r e d i n IS ml of anhydrous e t h e r u n d e r n i t r o g e n was added 
d r o p w i s e 0d97 g ( 0 , 0 0 1 moles ) of XLIV d i s s o l v e d i n 10 ml o f anhyd r ous 
e t h e r . A f t e r t h e a d d i t i o n was c o m p l e t e t h e r e a c t i o n m i x t u r e was h e a t e d 
t o r e f l u x f o r 1 h r , a l l o w e d t o c o o l t o room t e m p e r a t u r e , and s t i r r e d 
f o r an a d d i t i o n a l 2 h r . At t h e end of 2 h r a s a t u r a t e d s o l u t i o n of 
sodium s u l f a t e was added d r o p w i s e u n t i l a p p r o x i m a t e l y 15 ml had been 
a d d e d . The l a y e r s were t h e n s e p a r a t e d , t h e aqueous l a y e r was e x t r a c t e d 
w i t h e t h e r , and t h e combined o r g a n i c l a y e r s were washed once w i t h 10 ml of 
s a t u r a t e d b r i n e . The s o l u t i o n was d r i e d o v e r a n h y d r o u s sodium s u l f a t e , 
t h e d r y i n g a g e n t was removed by f i l t r a t i o n , and t h e s o l v e n t was removed 
i n v a c u o . The i n f r a r e d s p e c t r u m of t h e o i l r e m a i n i n g showed, a s t h e 
CHC1 - 1 
o n l y a b s o r p t i o n of s i g n i f i c a n c e , 3 1650 cm ( d o u b l e b o n d ) , The 
m a t e r i a l was a s s i g n e d t h e s t r u c t u r e LI on t h e b a s i s of t h i s i n f r a r e d 
s p e c t r u m and an nmr s p e c t r u m c o n s i s t e n t w i t h t h e p r o p o s e d s t r u c t u r e . 
R e a c t i o n of LI w i t h j D - T o l u e n e s u l f o n y l C h l o r i d e and t h e A t t e m p t e d 
R e d u c t i o n of The R e s u l t i n g T o s y l a t e 
The o i l p r e p a r e d as d e s c r i b e d above was d i s s o l v e d i n d r y 
p y r i d i n e , and t h e s o l u t i o n was c o o l e d t o 0 a C , To t h e c o l d s o l u ­
t i o n was added 0 = 274 g ( 0 , 0 0 1 5 m o l e s ) of p _ - t o l u e n e s u l f o n y l c h l o r i d e . 
The s o l u t i o n was s t o r e d a t -lO'^C f o r 50 h r a f t e r which t i m e t h e p y r i d i n e 
was removed i n vacuo i n t h e a b s e n c e of h e a t . The r e a c t i o n m i x t u r e was 
n o t f u r t h e r p u r i f i e d b u t Was d i s s o l v e d i n d r y THF and added s l o w l y t o a 
s o l u t i o n of 0 , 1 1 4 g ( 0 , 0 0 3 mo le s ) of l i t h i u m aluminum h y d r i d e d i s s o l v e d 
i n 25 ml of d ry THF s t i r r e d u n d e r n i t r o g e n , The s o l u t i o n was h e a t e d t o 
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r e f l u x f o r 1 h r , a l l o w e d t o c o o l t o room t e m p e r a t u r e , and s t i r r e d f o r an 
a d d i t i o n a l 2 h r . Water (25 ml) was a d d e d , and t h e r e a c t i o n m i x t u r e was 
t h o r o u g h l y e x t r a c t e d w i t h two 50 ml p o r t i o n s of e t h e r . The e t h e r s o l u ­
t i o n was washed w i t h 20 mi of .10 p e r c e n t sodium h y d r o x i d e and 20 ml of 
s a t u r a t e d b r i n e and d r i e d o v e r anhyd r ous sodium s u l f a t e . The d r y i n g 
a g e n t was removed by f i l t r a t i o n , and t h e s o l v e n t was removed i n vacuo 
t o l e a v e a brown o i l . The nmr s p e c t r u m of t h e o i l , w h i l e showing 
s i m i l a r i t i e s t o t h e s p e c t r u m of XLIV, was n o t a b l e i n t h e n e a r a b s e n c e 
of an a b s o r p t i o n which would c o r r e s p o n d t o a me thoxy l g roup a t C-2 of 
t h e e x p e c t e d compound. D i s t i l l a t i o n of t h e o i l i n a mic ro-Hickman s t i l l 
a f f o r d e d a s m a l l amount of a y e l l o w o i l . The nmr s p e c t r u m of t h i s o i l 
a g a i n was n o t a b l e i n t h e c o m p l e t e a b s e n c e of an a b s o r p t i o n which c o u l d 
b e a t t r i b u t e d t o t h e me thoxy l g roup of t h e e x p e c t e d compound. 
D e h y d r a t i o n of XLIV w i t h T h i o n y l C h l o r i d e 
To a s o l u t i o n of 0 . 7 8 4 g ( 0 , 0 0 0 3 7 mo le s ) of XLIV d i s s o l v e d i n 
1 ml of p y r i d i n e c o o l e d t o 0°C i n an nmr t u b e was added 0 .500 g of 
t h i o n y l c h l o r i d e . The m a t e r i a l was a l l o w e d t o r e a c t f o r 25 min a t 0°C 
w h i l e t h e nmr s p e c t r u m was s c a n n e d r a p i d l y e v e r y 10 min u n t i l t h e 
s t a r t i n g m a t e r i a l c o u l d b e no l o n g e r o b s e r v e d . The r e a c t i o n m i x t u r e was 
t h e n p o u r e d s l o w l y i n t o 30 ml of a s l u r r y of i c e and w a t e r , w i t h s t i r ­
r i n g and t h e aqueous s o l u t i o n which r e s u l t e d was t h o r o u g h l y e x t r a c t e d 
w i t h two 50 ml p o r t i o n s of e t h e r . The combined e t h e r e x t r a c t s were 
washed w i t h w a t e r , d r i e d o v e r anhyd r ous sodium s u l f a t e , and t h e d r y i n g 
a g e n t was removed by f i l t r a t i o n . The e t h e r was removed i n vacuo t o 
l e a v e a da rk brown o i l . The o i l was c h r o m a t o g r a p h e d o v e r 2 g of s i l i c a 
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g e l . E l u t i o n w i t h 20 ml each of hexane and 5 and 10 p e r c e n t e t h e r i n 
hexane gave o i l y m a t e r i a l s which showed no c a r b o n y l a b s o r p t i o n i n t h e 
i n f r a r e d spec t rum„ E l u t i o n w i t h 20 ml each of 30 and 50 p e r c e n t e t h e r 
i n hexane gave a v i s c o u s y e l l o w o i l which e x h i b i t e d t h e f o l l o w i n g s p e c t r a l 
c h a r a c t e r i s t i c s c o n s i s t e n t w i t h t h e d e s i r e d s t r u c t u r e L I I . The i n f r a -
CHC1 
r e d s p e c t r u m showed among o t h e r s , a b s o r p t i o n s a t ^ 3 1712 ( a , 3 
u n s a t u r a t e d c y c l o p e n t a n o n e ) and 1626 cm ^ ( c o n j u g a t e d d o u b l e bond)„ The nmr 
CC1 
s p e c t r u m showed a b s o r p t i o n s a t ^ T M g 4 i ° 5 0 (d ( u n r e s o l v e d ) , 3H, 5-CH^), 
2 .09 and 2 /26 (AB q u a r t e t , J" A B =19 Hz, 2H, 4 - H ) , 3 .65 ( s , 3H, 2 - 0 C H 3 ) , 
5 . 4 2 Cm, 1H, 7 - H ) , and 6 . 0 0 ( s , 1H, i - H ) . The 100 MHz nmr* s p e c t r u m 
showed a b s o r p t i o n s a t 1.52 (d , J O . 5 Hz, 3H, 5 - O y , 2 . 0 8 and 2 .25 
(AB q u a r t e t , J A B S 1 9 Hz, 2H, 4 - H ) , 3 .68 ( s , 3H, 2 - 0 C H 3 ) , 5 . 48 (m, 1H, 
6 - H ) , and 6 . 0 3 ( s , 1H, 1-H). 
D e h y d r a t i o n of L w i t h Phosphorous O x y c h l o r i d e 
To a s o l u t i o n of 0 . 500 g ( 0 . 0 0 2 3 mo le s ) of L d i s s o l v e d i n 10 ml 
of d r y p y r i d i n e s t i r r e d u n d e r n i t r o g e n was added 2 ml of p h o s p h o r u s 
o x y c h l o r i d e , The r e a c t i o n m i x t u r e was s t i r r e d a t room t e m p e r a t u r e f o r 
1,5 h r f o l l o w e d by h e a t i n g t o 80°C f o r 0 . 5 h r . The r e a c t i o n m i x t u r e was 
c o o l e d t o room t e m p e r a t u r e and w a t e r was c a u t i o u s l y added d r o p w i s e u n t i l 
a v i s i b l e r e a c t i o n no l o n g e r e n s u e d . The m i x t u r e was t h e n e x t r a c t e d 
t h o r o u g h l y w i t h e t h e r , t h e e t h e r e x t r a c t was d r i e d o v e r a n h y d r o u s 
sodium s u l f a t e , and t h e d r y i n g a g e n t was removed by f i l t r a t i o n . S o l v e n t 
remova l i n vacuo gave a d a r k brown o i l which was s u b j e c t e d t o m i c r o -
The a u t h o r would l i k e t o thank P r o f e s s o r R. H. Cox of t h e 
U n i v e r s i t y of G e o r g i a f o r o b t a i n i n g t h i s s p e c t r u m 
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Hickman d i s t i l l a t i o n t o g i v e a p a l e y e l l o w v i s c o u s o i l , Glc a n a l y s i s 
showed t h e o i l t o be made up of two compounds. S p e c t r a l p r o p e r t i e s of 
t h e m a t e r i a l s u g g e s t e d t h a t i t was made up of an a p p r o x i m a t e l y 1:1 
m i x t u r e of u n r e a c t e d s t a r t i n g m a t e r i a l and t h e d e s i r e d p r o d u c t L I I I . 
D e h y d r a t i o n of L w i t h T h i o n y l C h l o r i d e 
To a s o l u t i o n of 2 ,26 g ( 0 , 1 0 1 m o l e s ) of L d i s s o l v e d i n 40 ml 
o f d ry p y r i d i n e s t i r r e d u n d e r n i t r o g e n i n an i c e - s a l t b a t h was added 
8 ml o f t h i o n y l c h l o r i d e a t such a r a t e t h a t t h e t e m p e r a t u r e r e m a i n e d 
be low 7°C. The r e a c t i o n m i x t u r e was s t i r r e d f o r 0 . 5 h r a t which t i m e 
w a t e r was c a u t i o u s l y added d r o p w i s e so t h a t t h e t e m p e r a t u r e r e m a i n e d 
below 20°C, F i f t y m i l l i l i t e r s of w a t e r was t h e n added and t h e brown s o l u ­
t i o n was t h o r o u g h l y e x t r a c t e d w i t h e t h e r . The e t h e r e x t r a c t s were washed 
w i t h s a t u r a t e d sodium c h l o r i d e and d r i e d o v e r anhyd r ous sodium s u l f a t e . 
The d r y i n g a g e n t was removed by f i l t r a t i o n , and t h e e t h e r was removed i n 
vacuo t o l e a v e a d a r k brown o i l , Micro-Hickman d i s t i l l a t i o n of t h e o i l 
gave 0 , 7 5 6 g (36 p e r c e n t ) of a p a l e y e l l o w , v i s c o u s o i l whose s t r u c t u r e 
was a s s i g n e d t h a t of 2 - m e t h o x y - 3 - k e t o - 6 a , 1 0 - d i m e t h y l - ( 4 . 5 ) - s p i r o d e c a -
1 , 6 - d i e n e ( L I I I ) on t h e b a s i s of t h e f o l l o w i n g d a t a . The u l t r a v i o l e t 
EtOt 
Max 
 t H 
s p e c t r u m of L I I I showed X.. ^ 256 nm, e 7900 . The i n f r a r e d s p e c t r u m 
CHC1 
showed, among o t h e r s , a b s o r p t i o n s a t V ^ a x 3 1712 (ot,3 u n s a t u r a t e d c y c l o -
p e n t a n o n e ) , 1623 ( c o n j u g a t e d d o u b l e b o n d ) , 1380, 1349, and 982 cm 
CC1 
The nmr s p e c t r u m showed a b s o r p t i o n s a t ^ f ^ g ^ 0 , 9 0 (d , J=6 Hz, 3H, 10-
CH ) , 1,52 (d ( u n r e s o l v e d ) , 3H, 6-CH ) , 2 , 2 0 and 2 . 3 2 (AB q u a r t e t , 
J . D = 1 9 Hz, 2H, 4 - H ) , 5 , 5 2 (m, 1H, 7 -H) , and 6 . 2 2 ( s , 1H, 1-H). Exac t AB 
Mass: C a l c u l a t e d : 2 0 6 , 1 3 0 7 , Found: 2 0 6 . 1 3 5 1 , 
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P r e p a r a t i o n of t h e Semica rbazone of L I I I 
To a s o l u t i o n of 0 . 0 7 5 g (0 .00032 m o l e s ) of L I I I d i s s o l v e d i n 
5 ml of 95 p e r c e n t a l c o h o l and. 5 ml of w a t e r was added 0 .200 g o f s e m i -
c a r b a z i d e h y d r o c h l o r i d e and 0 ,300 g of sodium a c e t a t e . The r e a c t i o n 
m i x t u r e was h e a t e d on t h e s team b a t h f o r 0 , 5 h r and a l l o w e d t o c o o l . 
The s o l v e n t was p a r t i a l l y removed, and on c o o l i n g and s c r a t c h i n g w i t h a 
g l a s s r o d , w h i t e c r y s t a l s were d e p o s i t e d . In a l l 0 . 0 6 1 g (68 p e r c e n t ) 
of a m a t e r i a l m e l t i n g 199-203°C w i t h d e c o m p o s i t i o n was c o l l e c t e d . 
A t t e m p t e d W o l f f - K i s h n e r R e d u c t i o n o f t h e Semica rbazone of L I I I 
The p r o c e d u r e of Cram (40) was f o l l o w e d . To a s o l u t i o n o f 0 . 0 2 3 
g ( 0 , 0 0 0 2 5 moles ) of p o t a s s i u m t_ -bu tox ide s t i r r e d u n d e r n i t r o g e n i n 1 ml 
of d r y d i m e t h y l s u l f o x i d e was added d r o p w i s e 0 . 0 6 1 g ( 0 , 0 0 0 2 3 m o l e s ) of 
t h e s e m i c a r b a z o n e of L I I I d i s s o l v e d i n 1 ml o f d i m e t h y l s u l f o x i d e . The 
brown s o l u t i o n w a s . s t i r r e d f o r 7 h r . At t h e . e n d o f 7 h r , 3 ml of w a t e r 
was a d d e d , and t h e s o l u t i o n e x t r a c t e d w i t h 25 ml o f e t h e r . The e t h e r 
e x t r a c t s were washed t w i c e w i t h 5 ml of w a t e r and d r i e d o v e r a n h y d r o u s 
sodium s u l f a t e . The d r y i n g a g e n t was removed by f i l t r a t i o n and t h e e t h e r 
was e v a p o r a t e d in_ vacuo t o y i e l d a s o l i d which was s p e c t r a l l y i d e n t i c a l 
t o t h e s t a r t i n g m a t e r i a l , 
A second a t t e m p t t o r e d u c e t h e s e m i c a r b a z o n e was a l s o u n s u c c e s s ­
f u l . The p r o c e d u r e used i s d e s c r i b e d b e l o w . The r e c o v e r e d s e m i c a r b a z o n e 
was d i s s o l v e d i n 20 ml o f e t h y l e n e g l y c o l , and t h e s o l u t i o n was d i s t i l l e d 
u n t i l t h e b o i l i n g p o i n t o f t h e d i s t i l l a t i o n r e a c h e d 197°C The s o l u t i o n 
was t h e n c o o l e d , 0 . 020 g (0 .00087 g ram-a toms) of sodium m e t a l was added , 
and t h e r e a c t i o n m i x t u r e was a g a i n h e a t e d t o r e f l u x f o r one h o u r . The 
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s o l v e n t was p a r t i a l l y removed a t a s p i r a t o r p r e s s u r e , w a t e r was a d d e d , 
and t h e r e a c t i o n m i x t u r e was e x t r a c t e d w i t h 30 ml of c h l o r o f o r m . The 
combined c h l o r o f o r m e x t r a c t s were washed once w i t h 10 ml of w a t e r and 
d r i e d o v e r anhydrous sodium s u l f a t e . The d r y i n g a g e n t was removed by 
f i l t r a t i o n , and t h e s o l v e n t was removed i n vacuo t o l e a v e a d a r k brown 
o i l . The nmr and i r s p e c t r a of t h e o i l showed t h e p r e s e n c e of a m a t e r i a l 
w i t h p r o p e r t i e s r e s e m b l i n g L I I I , b u t none of t h e d e s i r e d deoxy compound 
c o u l d be d e t e c t e d . 
A t t e m p t e d W o l f f - K i s h n e r R e d u c t i o n of L, 
To a s o l u t i o n of 0 ,285 g (0 ,00127 moles ) of L d i s s o l v e d i n 
10 ml of d r y , e t h y l e n e g l y c o l s t i r r e d u n d e r n i t o r g e n was added 0 , 2 g 
( c a . 0 , 0 0 5 1 moles ) of 95 p r e c e n t h y d r a z i n e . The s o l u t i o n was h e a t e d t o 
b o i l i n g , and was d i s t i l l e d u n t i l t h e b o i l i n g p o i n t r e a c h e d 140°C. The 
s o l u t i o n was c o o l e d a t t h i s p o i n t t o c a . 60°C and 0 . 2 g ( c a . 0 . 0 0 5 m o l e s ) 
of s o l i d p o t a s s i u m h y d r o x i d e was added . The s o l u t i o n was a g a i n d i s t i l l e d 
u n t i l t h e h e a d t e m p e r a t u r e r e a c h e d 150°C, d i s t i l l a t i o n was s t o p p e d , and 
t h e r e a c t i o n m i x t u r e was b o i l e d u n d e r r e f l u x f o r one h o u r . The s o l u t i o n 
was c o o l e d t o room t e m p e r a t u r e , and 10 ml of w a t e r was a d d e d . The r e ­
s u l t i n g m i x t u r e was t h e n e x t r a c t e d t h o r o u g h l y w i t h e t h e r , washed w i t h 
w a t e r , and d r i e d o v e r anhyd rous sodium s u l f a t e . The d r y i n g a g e n t was 
removed by f i l t r a t i o n , and t h e s o l v e n t was removed i n vacuo t o le&v« a 
d a r k brown o i l . The i n f r a r e d s p e c t r u m of t h e c r u d e r e a c t i o n p r o d u c t 
The a u t h o r would l i k e t o t h a n k P r o f e s s o r P i e r r e Crabbe f o r 
s u g g e s t i n g t h i s p r o c e d u r e . 
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showed no a b s o r p t i o n i n t h e c a r b o n y l r e g i o n . The nmr s p e c t r u m showed an 
a b s e n c e of a b s o r p t i o n s i n t h e r e g i o n 4 . 0 t o 7 .0 ppm a l o n g w i t h a m u l t i ­
p l i c i t y of a b s o r p t i o n s i n t h e r e g i o n 3 . 4 t o 3 . 7 ppm. 
A t t e m p t e d W o l f f - K i s n e r R e d u c t i o n , o f L I I I 
To a s o l u t i o n of 0 .166 g ( 0 . 0 0 0 8 m o l e s ) of L I I I d i s s o l v e d i n 5 ml 
d r y e t h y l e n e g l y c o l s t i r r e d u n d e r n i t r o g e n was added 0 . 1 g of 95 p e r c e n t 
h y d r a z i n e ( c a , 0 . 0 0 3 2 m o l e s ) . The s o l u t i o n was h e a t e d t o b o i l i n g and 
d i s t i l l e d u n t i l t h e head t e m p e r a t u r e was 120°C, c o o l e d t o ca_. 60°C and 0 . 1 
g of s o l i d p o t a s s i u m h y d r o x i d e was a d d e d . The s o l u t i o n was a g a i n h e a t e d 
t o b o i l i n g and d i s t i l l e d u n t i l t h e head t e m p e r a t u r e r e a c h e d 120°C and t h e n 
b o i l e d u n d e r r e f l u x f o r one h o u r , The r e a c t i o n m i x t u r e was c o o l e d , and 
10 ml of w a t e r a d d e d . The m i x t u r e was t h e n e x t r a c t e d t h o r o u g h l y w i t h 30 
ml of e t h e r , and t h e e t h e r e x t r a c t was washed w i t h 10 ml of w a t e r and 
d r i e d o v e r anhyd rous sodium s u l f a t e . The d r y i n g a g e n t was removed by 
f i l t r a t i o n and t h e s o l v e n t was removed i n v a c u o t o l e a v e a brown o i l . 
A l though t h e i n f r a r e d s p e c t r u m showed t h e a b s e n c e of a c a r b o n y l a b s o r p ­
t i o n , t h e nmr s p e c t r u m i n d i c a t e d t h a t t h e m a t e r i a l c o n t a i n e d o n l y s m a l l 
amoun t s o f compounds c o n t a i n i n g a m e t h o x y l g r o u p . 
L i t h i u m Aluminum H y d r i d e R e d u c t i o n of L I I I , Normal A d d i t i o n 
Compound L I I I ( 0 . 1 7 6 g , 0 .00085 m o l e s ) i n 15 ml of anhyd r ous 
e t h e r was added d r o p w i s e t o a s o l u t i o n of 0 . 0 7 6 g ( 0 . 0 0 2 m o l e s ) of 
l i t h i u m aluminum h y d r i d e i n 20 ml of anhyd r ous e t h e r s t i r r e d u n d e r 
n i t r o g e n . A f t e r a d d i t i o n was c o m p l e t e , t h e r e a c t i o n m i x t u r e was h e a t e d 
t o b o i l i n g f o r one h o u r , c o o l e d t o room t e m p e r a t u r e , and s t i r r e d an 
a d d i t i o n a l two h o u r s , A s a t u r a t e d aqueous s o l u t i o n of sodium p o t a s s i u m 
t a r t r a t e was added d r o p w i s e u n t i l no f u r t h e r p r e c i p i t a t i o n was o b s e r v e d ; 
t h e r e a c t i o n m i x t u r e was t h e n f i l t e r e d . The p r e c i p i t a t e was washed w i t h 
20 ml. of e t h e r , and t h e e t h e r l a y e r s were combined and washed w i t h 
s a t u r a t e d sodium c h l o r i d e s o l u t i o n . The s o l u t i o n was t h e n d r i e d o v e r an ­
h y d r o u s sodium s u l f a t e , t h e d r y i n g a g e n t was removed by f i l t r a t i o n , and 
t h e e t h e r was removed i n vacuo t o l e a v e a p a l e y e l l o w o i l w e i g h i n g 
0 , 1 1 3 g . The o i l was * i d e n t i f i e d a s a 1:1 m i x t u r e of t h e C-3: e p i m e r s 
of 2 - m e t h o x y - 3 - h y d r o x y - 6 , 1 0 - d i m e t h y l ( 4 „ 5 ) s p i r o d e c a - l , 6 - d i e n e ( L I V ) , 
a l o n g w i t h c a , 20% of a t h i r d compound presumed t o be t h e p r o d u c t of 1,4 
r e d u c t i o n by t h e f o l l o w i n g p r o p e r t i e s . The i n f r a r e d s p e c t r u m showed, 
CHC1 
among o t h e r s , a b s o r p t i o n s a t v " / 3 3590 ( h y d r o x y l ) , 1744 ( s a t u r a t e d 
c y c l o p e n t a n o n e ) , 1649 ( o l e f i n ) , 1460, 1375 and 1042 cm 1 . The nmr 
Cf l 
s p e c t r u m showed a b s o r p t i o n s a t <5^g4 0 .80 and 0 . 8 8 (d , J=6 Hz, 3H, 10-
me thy l g r o u p s ) , 1.30 and 1,47 (d , J = l , 5 Hz, 3H, 6 -me thy l g r o u p s ) , 3 .60 
( s , 3H, 2-OCH 3 ) , 4 , 3 3 ( s , 1H, I - H ) , 4 . 5 8 ( t - b r o a d , J=5 Hz, 1H, 3a and 
3H) , and 5 .32 ( s - b r o a d , 1H, 7H)» E x a c t Mass : C a l c u l a t e d : 2 0 8 . 1 4 6 3 , 
Found: 2 0 8 , 1 4 1 8 . 
P r e p a r a t i o n o f a S t a n d a r d S o l u t i o n of L i t h ium Aluminum H y d r i d e 
One gram of l i t h i u m aluminum h y d r i d e s u s p e n d e d i n 30 ml of a n ­
h y d r o u s e t h e r was a l l o w e d t o s t a n d w i t h o c c a s i o n a l s t i r r i n g f o r two 
h o u r s . The s o l u t i o n was t h e n f i l t e r e d t h r o u g h a s i n t e r e d g l a s s f u n n e l 
u n d e r n i t r o g e n . The amount of r e a g e n t i n t h e c l e a r c o l o r l e s s s o l u t i o n 
was d e t e r m i n e d by a d d i n g t h e s o l u t i o n d r o p w i s e t o w a t e r and m e a s u r i n g 
t h e volume of h y d r o g e n e v o l v e d . From t h i s i t was c a l c u l a t e d t h a t a 
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s o l u t i o n p r e p a r e d i n t h e mariner d e s c r i b e d c o n t a i n e d a p p r o x i m a t e l y 
0 .0006 moles of l i t h i u m aluminum h y d r i d e p e r m i l l i l i t e r of l i q u i d . 
L i th ium Aluminum H y d r i d e R e d u c t i o n o f L I I I , I n v e r s e A d d i t i o n 
To a s o l u t i o n of 0 . 2 9 8 g ( 0 . 0 0 1 4 m o l e s ) o f L I I I d i s s o l v e d i n 30 
ml of anhydrous e t h e r s t i r r e d a t 0°C u n d e r n i t r o g e n was added d r o p w i s e 
0 . 6 ml of t h e s t a n d a r d s o l u t i o n , d e s c r i b e d i n t h e p r e v i o u s e x p e r i m e n t , 
d i s s o l v e d i n 10 ml of a n h y d r o u s e t h e r . The r e a c t i o n m i x t u r e was s t i r r e d 
f o r two h o u r s w h i l e t h e t e m p e r a t u r e was m a i n t a i n e d a t 0°C and one 'hour 
w h i l e t h e t e m p e r a t u r e was a l l o w e d t o r i s e t o room t e m p e r a t u r e . The 
r e a c t i o n was quenched by t h e d r o p w i s e a d d i t i o n of a s a t u r a t e d s o l u t i o n 
of sodium p o t a s s i u m t a r t r a t e u n t i l no f u r t h e r p r e c i p i t a t i o n c o u l d b e d e ­
t e c t e d . The r e a c t i o n m i x t u r e was f i l t e r e d . The p r e c i p i t a t e was washed 
w i t h e t h e r and t h e e t h e r w a s h i n g s were combined w i t h t h e f i l t r a t e . The 
m a t e r i a l was t h e n d r i e d o v e r anhydrous sodium s u l f a t e , t h e d r y i n g a g e n t 
was removed by f i l t r a t i o n , and t h e s o l v e n t was removed i n vacuo t o l e a v e 
0 . 2 8 1 g (93 p e r c e n t ) of LIV whose p r o p e r t i e s have been d e s c r i b e d e a r l i e r . 
R e a c t i o n of LIV w i t h A c e t i c A n h y d r i d e / P y r i d i n e 
To a s o l u t i o n of 0 . 5 1 1 g ( 0 . 0 0 2 5 m o l e s ) of LIV d i s s o l v e d i n 20 
ml of d r y p y r i d i n e s t i r r e d u n d e r n i t r o g e n a t room t e m p e r a t u r e was added 
3 .7 g of a c e t i c a n h y d r i d e . The r e a c t i o n m i x t u r e was s t i r r e d f o r 24 h r 
a t room t e m p e r a t u r e , 4 ml of w a t e r was a d d e d , and t h e s o l u t i o n was s t i r r e d 
an a d d i t i o n a l 1.5 h r a t room t e m p e r a t u r e . An a d d i t i o n a l 10 ml of w a t e r 
was added and t h e r e a c t i o n m i x t u r e was t h o r o u g h l y e x t r a c t e d w i t h 2 x 50 ml 
of e t h e r . The combined e t h e r e x t r a c t s were washed w i t h s a t u r a t e d sodium 
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b i c a r b o n a t e s o l u t i o n and s a t u r a t e d b r i n e , and d r i e d o v e r a n h y d r o u s 
l i$aaum s u l f a t e . The d r y i n g a g e n t was removed by f i l t r a t i o n , and t h e s o l ­
v e n t was removed in^ vacuo t o l e a v e a n o n - v i s c o u s o i l which s m e l l e d s t r o n g ­
l y of p y r i d i n e . These l a s t t r a c e s of p y r i d i n e were removed u n d e r h i g h 
vacuum t o g i v e 0 . 5 6 6 g (92 p e r c e n t ) of a c l e a r c o l o r l e s s o i l which was 
i d e n t i f i e d as a m i x t u r e of t h e C-3 e p i m e r s o f 2 - m e t h o x y - 3 - a c e t o x y - 6 , 1 0 -
d i m e t h y l ( 4 - 5 ) s p i r o d e c a - l , 6 - d i e n e ( L V ) by t h e f o l l o w i n g p r o p e r t i e s . The 
CHC 1 
i n f r a r e d s p e c t r u m of LV showed, among o t h e r s , a b s o r p t i o n s a t 3 1726 
( e s t e r c a r b o n y l ) 1648 ( o l e f i n ) , 1366, and 1025 cm The nmr s p e c t r u m of 
Cfl 
of LV showed a b s o r p t i o n s a t ' 5 ^ 4 0 . 8 5 and 0 . 9 0 (d , J=6 Hz, 3H, 10-
m e t h y l g r o u p s ) , 1.52 and. 1.60 (d , J = 1.5 Hz, 3H, 6 -me thy l g r o u p s ) , 1.97 
( s , 3H, 3-OAc), 3 .58 ( s , 3H, 2-OCH 3 ) , 4 . 5 5 ( s , 1H, 1-H), 5 .36 (m, 1H, 
7 - H ) , and 5 .40 and 5 .56 ( t , J=4 Hz, 1H, 3a and 3H) . Exac t m a s s : 
C a l c u l a t e d : 2 5 0 . 1 5 6 8 , Found: 2 5 0 . 1 5 0 3 . 
A t t e m p t e d H y d r o l y s i s of LV 
To 0 .100 g of o x a l i c a c i d d i s s o l v e d i n 2 ml of w a t e r was added 
a s o l u t i o n of 0 ,500 g of LV d i s s o l v e d i n 5 ml of m e t h a n o l . The r e a c t i o n 
m i x t u r e was s t i r r e d f o r 0 . 5 h r . At t h e end of t h i s t ime s o l i d sodium b i ­
c a r b o n a t e was added u n t i l c a r b o n d i o x i d e e v o l u t i o n c e a s e d , 5 ml more 
w a t e r was added , and t h e m i x t u r e was e x t r a c t e d t h o r o u g h l y w i t h 25 ml of 
e t h e r . The e t h e r e x t r a c t s were washed w i t h s a t u r a t e d b r i n e and t h e 
s o l v e n t was removed i n vacuo t o remove t h e m e t h a n o l . The m a t e r i a l was 
a g a i n d i s s o l v e d i n 25 ml of e t h e r . , and d r i e d o v e r anhydrous sodium s u l f a t e , 
t h e d r y i n g a g e n t was removed by f i l t r a t i o n , and t h e e t h e r was e v a p o r a t e d 
t o l e a v e a y e l l o w o i l . S p e c t r a l a n a l y s i s of t h e o i l r e v e a l e d i t t o b e 
u n r e a c t e d s t a r t i n g m a t e r i a l . The e x p e r i m e n t was r e p e a t e d a s d e s c r i b e d , 
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b u t t h e r e a c t i o n t i m e was e x t e n d e d t o two h o u r s . Work up a g a i n gave o n l y 
u n r e a c t e d s t a r t i n g m a t e r i a l . The r e a c t i o n was r e p e a t e d a t h i r d t ime 
u s i n g 10 ml o f m e t h a n o l and 0 . 2 0 0 g of f r e s h l y s u b l i m e d o x a l i c a c i d . 
Again work up r e v e a l e d no r e a c t i o n . The e x p e r i m e n t was r e p e a t e d a f o u r t h 
t ime as f o l l o w s . p _ - T o l u e n e s u l f o n i c a c i d ( 0 . 1 0 0 g) was d i s s o l v e d i n 1 ml 
of w a t e r , and compound LV was added i n 4 ml of d i o x a n e . The r e a c t i o n 
m i x t u r e was s t i r r e d f o r 21 h r . Work up i n t h e above manner gave a y e l l o w 
o i l which was shown t o c o n s i s t m a i n l y of u n r e a c t e d LV. 
A t t e m p t e d P r e p a r a t i o n of t h e E t h y l e n e D i t h i o - K e t a l of XLIV 
To a s o l u t i o n o f 0 . 2 1 5 g ( 0 . 0 0 1 mo le s ) of XLIV d i s s o l v e d i n 20 
ml of d r y b e n z e n e was added 0 .480 g ( 0 . 0 0 5 mo le s ) o f e t h a n e d i t h i o l 
f o l l o w e d by 1 ml of b o r o n t r i f l u o r i d e - e t h e r a t e . The r e a c t i o n m i x t u r e was 
s t i r r e d f o r 0 , 5 h r , n e u t r a l i z e d w i t h s a t u r a t e d sodium b i c a r b o n a t e s o l u ­
t i o n , and e x t r a c t e d w i t h e t h e r . The e t h e r e x t r a c t s were washed w i t h 
d i l u t e sodium h y d r o x i d e and w a t e r and d r i e d i n t h e u s u a l manne r . Removal 
of t h e d r y i n g a g e n t ,by f i l t r a t i o n and e v a p o r a t i o n of t h e s o l v e n t gave a 
brown o i l . The i n f r a r e d s p e c t r u m i n d i c a t e d t h e a b s e n c e o f any a b s o r p t i o n 
i n t h e r e g i o n 1600 t o 1800 cm ^; howeve r , t h e nmr s p e c t r u m of t h e m a t e r i a l 
showed no a b s o r p t i o n c o r r e s p o n d i n g t o t h e e n o l e t h e r m e t h y l g roup which 
would be p a r t of t h e d e s i r e d p r o d u c t . I n s t e a d t h e r e was a b r o a d i n ­
t e n s e a b s o r p t i o n a r o u n d 3 . 3 - 3 . 5 ppm which was a t t r i b u t e d t o t h e p r o t o n s 
on t h e e t h y l e n e d i t h i o k e t a l f u n c t i o n a l i t y . Mass s p e c t r a l e x a m i n a t i o n o f 
t h e m a t e r i a l r e v e a l e d a peak a t m/e 348 c o r r e s p o n d i n g t o t h e b i s - d i t h i o -
k e t a l . 
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The r e a c t i o n was r e p e a t e d as f o l l o w s , A s o l u t i o n of 0 .199 g 
(0 .00095 moles ) o f XLIV and 0 .098 g ( 0 . 0 0 1 m o l e s ) of e t h a n e d i t h i o l i n 
20 ml of d r y e t h e r s t i r r e d u n d e r n i t r o g e n was c o o l e d t o 0°C. To t h e 
c o l d s o l u t i o n was added d r o p w i s e o v e r a p e r i o d of 2 , 5 h r 0 . 5 ml of b o r o n 
t r i f l u o r i d e e t h e r a t e d i s s o l v e d i n 20 ml of d r y e t h e r . The c o o l i n g b a t h 
was removed , and t h e r e a c t i o n m i x t u r e was a l l o w e d t o warm t o room tem­
p e r a t u r e w h i l e s t i r r i n g was m a i n t a i n e d ( c a . 0 . 5 h r ) . The r e a c t i o n mix­
t u r e was washed w i t h d i l u t e sodium h y d r o x i d e and w i t h w a t e r and d r i e d i n 
t h e u s u a l manne r . E v a p o r a t i o n of t h e s o l v e n t gave a y e l l o w o i l whose 
s p e c t r a l p r o p e r t i e s i n d i c a t e d i t t o c o n s i s t p r i m a r i l y of s t a r t i n g 
m a t e r i a l o 
H y d r o g e n a t i o n of XLIV Us ing P a l l a d i u m on Carbon, 
A s o l u t i o n of 0 . 4 1 7 g ( 0 . 0 0 2 mo le s ) of XLIV i n 20 ml of a b s o l u t e 
e t h a n o l c o n t a i n i n g 0 .100 g o f 5 p e r c e n t p a l l a d i u m on c a r b o n was s u b ­
j e c t e d t o 40 p s i g of h y d r o g e n f o r 6 h r . Removal of t h e c a t a l y s t by 
f i l t r a t i o n and e v a p o r a t i o n o f t h e s o l v e n t i n vacuo gave a p a l e y e l l o w o i l . 
S p e c t r a l e x a m i n a t i o n of t h e m a t e r i a l i n d i c a t e d t h a t t h e r e a c t i o n had, 
p r o c e e d e d o n l y p a r t i a l l y t o c o m p l e t i o n , t h e r e f o r e t h e r e a c t i o n w a s : c o n ­
t i n u e d f o r an a d d i t i o n a l 48 h r u s i n g 95 p e r c e n t e t h a n o l as t h e s o l v e n t . 
Workup of t h e r e a c t i o n m i x t u r e as d e s c r i b e d gave a v i s c o u s y e l l o w o i l 
w i t h t h e f o l l o w i n g p r o p e r t i e s . The i n f r a r e d sp.ectrum of t h e o i l showed, 
CHC1 - 1 
among o t h e r s , an a b s o r p t i o n a t ^ M a x 3 1745 cm ( s a t u r a t e d c y c l o p e n t a -
CC1 
n o n e ) . The nmr s p e c t r u m showed a b s o r p t i o n s a t ^ ^ g ^ 1.17 ( s , 3H, 6-CH^), 
1.44 ( s . - b road , 8H,. 7 , 8 , 9 , 1 0 - H ) , and 3 .42 ( s , 3H, 2-OCH 3 ) . The mass 
s p e c t r u m showed a m o l e c u l a r i o n a t m/e 2 1 2 . These p r o p e r t i e s s u g g e s t t h a t 
t h e compound was t h e d e s i r e d d i h y d r o XLIV. 
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H y d r o g e n a t i o n of D ihydro XLIV Using P l a t i n u m Oxide 
The m a t e r i a l o b t a i n e d i n t h e p r e v i o u s e x p e r i m e n t was shaken w i t h 
0 .020 g of p l a t i n u m o x i d e su spended i n 20 ml of 95 p e r c e n t e t h a n o l a t 40 
p s i g f o r 64 h r . F i l t r a t i o n of t h e r e a c t i o n m i x t u r e f o l l o w e d by e v a p o r a ­
t i o n of t h e s o l v e n t i n vacuo gave an o i l y m a t e r i a l w i t h t h e f o l l o w i n g 
p r o p e r t i e s . The i n f r a r e d s p e c t r u m showed t h e a b s e n c e of an a b s o r p t i o n i n 
- 1 CC1 
r e g i o n 1600-1800 cm . The nmr spec t rum showed a b s o r p t i o n s a t ^ T M g 4 
1.15 ( s , 3H, 6 - C H 3 ) , 1 .43 ( s - b r o a d , 8H, 7 , 8 , 9 , 1 0 - H ) , and 3 . 3 4 ( s - b r o a d , 
3H, 2 - a and 3-OCH^). The a b s o r p t i o n f o r t h e C-3 p r o t o n s was n o t w e l l d e ­
f i n e d due t o t h e p r e s e n c e o f i m p u r i t i e s which o b s c u r e d i t s p o s i t i o n . 
D e h y d r a t i o n of T e t r a h y d r o XLIV 
The m a t e r i a l o b t a i n e d i n t h e p r e c e d i n g e x p e r i m e n t was d i s s o l v e d 
i n 5 ml of d ry p y r i d i n e c o o l e d t o 0°C u n d e r n i t r o g e n . T h i o n y l c h l o r i d e , 
1 m l , was added , and t h e r e a c t i o n m i x t u r e was s t i r r e d i n t h e c o l d f o r 
2 . 5 h r . The r e a c t i o n was c a u t i o u s l y quenched w i t h 2 ml of c o l d w a t e r and 
t h e r e a c t i o n m i x t u r e e x t r a c t e d w i t h e t h e r . The e t h e r e x t r a c t s were 
washed w i t h s a t u r a t e d b r i n e and d r i e d i n t h e u s u a l manne r . E v a p o r a t i o n 
of t h e s o l v e n t i n vacuo gave a d a r k brown o i l whose s p e c t r a l p r o p e r t i e s 
i n d i c a t e d i t was composed m a i n l y of s t a r t i n g m a t e r i a l . A second a t t e m p t 
t o d e h y d r a t e t h e m a t e r i a l r e s u l t e d i n ah o i l whose s p e c t r a l p r o p e r t i e s 
were c h a r a c t e r i s t i c of a m i x t u r e of p o l y m e r i c m a t e r i a l s . Gas chroma­
t o g r a p h i c a n a l y s i s of t h e m a t e r i a l showed i t t o be a c o m p l i c a t e d m i x t u r e 
of compounds. 
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L i t h i u m / E t h y l Amine R e d u c t i o n of LV and H y d r o l y s i s o f t h e R e a c t i o n P r o d u c t 
The g e n e r a l method o f Henbes t (41) was employed, t o a s o l u t i o n 
of 0 . 1 0 5 g ( 0 . 0 0 0 4 moles ) o f LV d i s s o l v e d i n 10 ml of d r y e t h y l a m i n e 
s t i r r e d u n d e r n i t r o g e n was added 0 . 1 0 g ( 0 . 0 0 1 4 g ram-a toms) of l i t h i u m 
w i r e . The b l u e c o l o r formed i n t h e immedia t e v i c i n i t y of t h e l i t h i u m 
was r a p i d l y d i s c h a r g e d . S t i r r i n g was c o n t i n u e d u n t i l t h e b l u e c o l o r p e r ­
s i s t e d f o r 10 min a t which t i m e s o l i d ammonium c h l o r i d e was added t o d e s ­
t r o y t h e e x c e s s l i t h i u m . The e t h y l a m i n e was e v a p o r a t e d and t h e s e m i ­
s o l i d m a t e r i a l r e m a i n i n g was washed t h o r o u g h l y w i t h e t h e r . The e t h e r e x ­
t r a c t s were washed w i t h s a t u r a t e d sodium b i c a r b o n a t e s o l u t i o n and w i t h 
s a t u r a t e d b r i n e , and were d r i e d i n t h e u s u a l m a n n e r . E v a p o r a t i o n of t h e 
s o l v e n t gave a brown o i l whose s p e c t r a l p r o p e r t i e s were n o t w e l l d e f i n e d 
b u t were s u g g e s t i v e of a m i x t u r e of compounds LVI and LVII . The nmr 
s p e c t r u m showed a low i n t e n s i t y a b s o r p t i o n f o r t h e C-2 -me thoxy l g r o u p 
o f LVI i n d i c a t i n g t h a t o n l y a s m a l l amount of t h i s compound was p r e s e n t . 
The i n f r a r e d s p e c t r u m showed an a b s o r p t i o n a t 1729 and 1642 cm * i n ­
d i c a t i n g t h e p r e s e n c e o f a s a t u r a t e d c y c l o p e n t a n o n e r i n g and o l e f i n i c 
l i n k a g e r e s p e c t i v e l y . The m a t e r i a l was n o t f u r t h e r p u r i f i e d b u t was 
h e a t e d on t h e s t eam b a t h f o r 2 h r f o l l o w e d by s t i r r i n g a t room t e m p e r a ­
t u r e ove r n i g h t i n a s o l u t i o n of 5 ml o f d i o x a n e and 1 ml o f w a t e r 
c o n t a i n i n g 0 . 1 0 0 g of o x a l i c a c i d . The r e a c t i o n m i x t u r e was d i l u t e d 
w i t h e t h e r , washed w i t h s a t u r a t e d sodium b i c a r b o n a t e s o l u t i o n and w i t h 
w a t e r , and d r i e d i n t h e u s u a l manne r . E v a p o r a t i o n o f t h e s o l v e n t l e f t 
K a brown o i l whose s p e c t r a l p r o p e r t i e s were c o n s i s t e n t w i t h an impure m i x ­
t u r e c o n t a i n i n g p r i m a r i l y LVII . The mass s p e c t r u m showed a m o l e c u l a r 
i o n a t m/e 178 . 
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L i t h i u m / E t h y i a m i n e R e d u c t i o n of LV, I n v e r s e A d d i t i o n 
To a s o l u t i o n of 0 .316 g ( 0 . 0 0 1 3 moles ) of LV d i s s o l v e d i n , 2 0 ml 
of d r y e t h y l a m i n e s t i r r e d u n d e r n i t r o g e n was added d r o p w i s e a s o l u t i o n 
o f 0 .040 g ( 0 . 0 0 5 7 gram-a toms) of l i t h i u m w i r e d i s s o l v e d i n c a . 20 ml 
o f d ry e t h y l a m i n e . A d d i t i o n was c o n t i n u e d u n t i l t h e b l u e c o l o r p e r s i s t e d 
c a . 20 s e c and an e x c e s s of s o l i d ammonium c h l o r i d e was a d d e d . The e t h y l ­
amine was e v a p o r a t e d , and t h e s e m i - r s o l i d mass r e m a i n i n g was t h o r o u g h l y 
washed w i t h e t h e r . The e t h e r s o l u t i o n was n o t washed w i t h w a t e r , 
b u t was i m m e d i a t e l y d r i e d i n t h e u s u a l f a s h i o n . Removal of t h e 
s o l v e n t l e f t 0 . 2 4 5 g (100 p e r c e n t ) o f a y e l l o w o i l which e x h i b i t e d t h e 
f o l l o w i n g p r o p e r t i e s . Glc a n a l y s i s showed t h e o i l t o b e g r e a t e r t h a n 95 
p e r c e n t homogeneous . The i n f r a r e d s p e c t r u m of t h e m a t e r i a l showed, among 
CHC1 - 1 
o t h e r s , a b s o r p t i o n s a t v M a x 3 1645 ( o l e f i n ) , 1450, 1376 , and 1352 cm 
CC1 
The nmr s p e c t r u m showed a b s o r p t i o n s a t S - j ^ ^ 0 . 7 8 ( d , J=6 Hz, 3H, 10-CH^) , 
1.49 (d i J = 1 . 5 Hz, 3H, 6 - C H 3 ) , 3 . 4 5 ( s , 3H, 2 - 0 C H 3 ) , 4 . 1 3 ( t , J = l Hz, 
1H, 1-H), and 5 .20 (m, 1H, 7 - H ) . E x a c t Mass : C a l c u l a t e d : 1 9 2 . 1 5 1 4 , 
Found: 1 9 2 . 1 5 4 0 . On t h e b a s i s of t h e above d a t a t h e compound was i d e n ­
t i f i e d as 2 - m e t h o x y - 6 , 1 0 - d i m e t h y l - s p i r o ( 4 . 5 ) d e c a - l , 6 - d i e n e ( L V I ) . 
H y d r o l y s i s of LVI 
A s o l u t i o n of 0 . 2 6 0 g ( 0 . 0 0 1 3 m o l e s ) of LVI d i s s o l v e d i n 10 ml of 
m e t h a n o l c o n t a i n i n g 4 ml o f w a t e r and 0 .050 g ( 0 . 0 0 0 5 m o l e s ) o f o x a l i c 
a c i d was s t i r r e d a t room t e m p e r a t u r e f o r 0 . 5 h r . S a t u r a t e d sodium b i ­
c a r b o n a t e s o l u t i o n , 5 m l , was a d d e d , and t h e r e a c t i o n m i x t u r e was e x t r a c t e d 
w i t h 1:1 b e n z e n e - e t h e r . The o r g a n i c e x t r a c t s were d r i e d i n t h e u s u a l 
manner , and t h e s o l v e n t s were removed i n vacuo t o l e a v e 0 . 2 5 3 g (100 
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p e r c e n t ) o f a p a l e y e l l o w o i l . The m a t e r i a l was i d e n t i f i e d as 2 - k e t o -
6 , 1 0 a - d i m e t h y l - s p i r o ( 4 * 5 ) d e c - 6 - e n e LVII by t h e f o l l o w i n g p r o p e r t i e s . 
Glc a n a l y s i s showed t h e m a t e r i a l t o be composed o f e s s e n t i a l l y one com­
pound . The i n f r a r e d s p e c t r u m of LVII showed, among o t h e r s , a b s o r p t i o n s 
CHC 1 
a t v 3 1732 ( s a t u r a t e d c y c l o p e n t a n o n e ) , 1450, 1400, 1380, 1260, 
McLX 
and 1163 c m " 1 , and v ^ n f l l m 1740, 1450, 1404, 1378 , 1160, 9 0 0 , and 800 
- 1 
cm . The 60 MHz ( s e e Append ix , P l a t e 1) s p e c t r u m showed a b s o r p t i o n s a t 
r n 
6 ^ 4 0 . 9 3 (d , J=6 Hz, 3H, 1 0 - C H J , 1.65 (d , J = 1 . 5 Hz, 3H, 6-CH_), 2 .15 1 Mb S 6 
and 2 .16 (AB q u a r t e t , J A B = - 1 9 Hz, 2H, 1-a and 3 - H ) , 5 . 5 5 (m, 1H, 7 -H) . 
The p o s i t i o n r e p o r t e d f o r t h e AB q u a r t e t was v e r i f i e d by t h e 100 MHz 
s p e c t r u m of LVII . Exac t m a s s : C a l c u l a t e d : 1 7 8 . 1 3 5 3 , Found: 1 7 8 . 1 3 5 7 . 
P r e p a r a t i o n o f 3 - K e t o - 6 g - h y d r o x y - 6 - 1 0 a - d i m e t h y l s p i r o ( 4 - 5 ) d e c a n e (LVI I I ) 
A q u a n i t y o f 0 . 2 8 3 g ( 0 . 0 0 1 6 moles ) of compound LIX, p r e p a r e d 
a c c o r d i n g t o t h e method of Kropp ( 6 ) , was d i s s o l v e d i n 20 ml of 95 p e r ­
c e n t e t h a n o l c o n t a i n i n g 0 .050 g of 5 p e r c e n t p a l l a d i u m on c a r b o n and 
shaken f o r 16 h r w i t h hyd rogen u n d e r 30 p s i g . The c a t a l y s t was removed 
by f i l t r a t i o n and t h e s o l v e n t was removed i n vacuo t o l e a v e 0 . 2 8 3 g of 
a y e l l o w o i l which e x h i b i t e d c h a r a c t e r i s t i c s c o n s i s t e n t w i t h t h e s t r u c t u r e 
LVIII and t h o s e of t h e k e t o n e p r e p a r e d by M a r s h a l l ( 4 2 ) . 
P r e p a r a t i o n of 3 T K e t o - 6 , l O a - d i m e t h y l s p i r o ( 4 - 5 ) d e c - 6 - , e n e (LX) 
The p r o c e d u r e u s e d f o r compound L I I I was employed . Compound 
L V I I I , 0 . 2 8 3 g (0.0*014 m o l e s ) , was d i s s o l v e d i n 20 ml of d r y p y r i d i n e 
s t i r r e d a t 0°C u n d e r n i t r o g e n . One m i l l i l i t e r of t h i o n y l c h l o r i d e was 
a d d e d , and t h e r e a c t i o n m i x t u r e was s i t r r e d f o r 0 . 5 h r a t 0°C. At t h e 
end o f t h i s t i m e c o l d w a t e r was added c a u t i o u s l y t o t h e r e a c t i o n m i x t u r e , 
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and t h e brown s o l u t i o n was e x t r a c t e d t h o r o u g h l y w i t h e t h e r . The e t h e r 
i 
e x t r a c t s were washed w i t h s a t u r a t e d b r i n e and d r i e d i n t h e u s u a l manne r ; 
t h e s o l v e n t was removed i n vacuo t o l e a v e a y e l l o w o i l . The s p e c t r a l 
p r o p e r t i e s of t h e o i l were c o n s i s t e n t w i t h s t r u c t u r e LX and i d e n t i c a l 
t o s p e c t r a l p r o p e r t i e s of t h e known compound r e p o r t e d by Kropp ( 4 3 ) . 
The i n f r a r e d s p e c t r u m o b t a i n e d as a l i q u i d f i l m e x h i b i t e d t h e f o l l o w i n g 
Th in f i l m 
a b s o r p t i o n s : v ^ a x 1740 ( s a t u r a t e d c y c l o p e n t a n o n e ) , 1450, 1402, 
1378 , 1156, 9 0 0 , and 800 cm The nmr s p e c t r u m of LX (See Append ix , 
r c i 
P l a t e 2) showed a b s o r p t i o n s a t 5 ^ 4 0 . 9 3 (d , J=6 Hz, 3H, 1 0 - C H 3 ) , 1.65 
(d , J = l „ 5 Hz, 3H, 6-CH_) 2 .10 and 2 . 2 4 (AB q u a r t e t , J = -19 Hz, 2H, 
5 AB 
3a and 3 3 - H ) , and 5 .57 (m, 1H, 7 - H ) . / 
R e a c t i o n of LVII w i t h L i t h i u m A c e t y l i d e 
To a s o l u t i o n of l i t h i u m a c e t y l i d e i n l i q u i d ammonia, p r e p a r e d 
f rom 0 .010 g ( 0 , 0 0 1 4 gram a toms) of l i t h i u m w i r e i n 20 ml o f anhyd r ous 
ammonia c o n t a i n i n g a t r a c e of f e r r i c c h l o r i d e t h r o u g h which d r y a c e t y l e n e 
had been p a s s e d f o r 0 . 5 h r , was added d r o p w i s e 0 .250 g ( 0 . 0 0 1 4 ml) of 
LVII i n 10 ml of d r y e t h e r , The r e a c t i o n m i x t u r e was s t i r r e d u n d e r 
n i t r o g e n f o r one h o u r w h i l e a s t r e a m of a c e t y l e n e was b u b b l e d t h r o u g h t h e 
s o l u t i o n c o n t i n u o u s l y . At t h e end of t h e r e a c t i o n p e r i o d , an e x c e s s of 
s o l i d ammonium c h l o r i d e was a d d e d , and t h e ammonia was e v a p o r a t e d from 
t h e f l a s k . The s e m i - s o l i d mass r e m a i n i n g was t h o r o u g h l y e x t r a c t e d w i t h 
e t h e r , and t h e e t h e r e x t r a c t s were washed w i t h w a t e r and d r i e d i n t h e u s ­
u a l manne r . Removal of t h e s o l v e n t i n vacuo l e f t a y e l l o w o i l which was 
s h o w n , t o be s t a r t i n g m a t e r i a l . 
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R e a c t i o n o f LVII With Sodium A c e t y l i d e 
The r e a c t i o n d e s c r i b e d i n t h e p r e v i o u s e x p e r i m e n t was r e p e a t e d 
e x c e p t t h a t sodium a c e t y l i d e was u sed i n s t e a d o f l i t h i u m a c e t y l i d e and 
t h e r e a c t i o n was c o n t i n u e d f o r a t o t a l of 6 h r . A c e t y l e n e was b u b b l e d 
t h r o u g h t h e r e a c t i o n m i x t u r e f o r t h r e e of t h e s i x h o u r s r a t h e r t h a n f o r 
t h e e n t i r e p e r i o d , Work up of t h e r e a c t i o n m i x t u r e l e f t a brown o i l 
which e x h i b i t e d t h e p r o p e r t i e s of s t a r t i n g m a t e r i a l and p o l y m e r i c 
m a t e r i a l s . 
R e a c t i o n of LVII With L i t h i u m A c e t y l i d e - E t h y l e n e d i a m i n e Complex 
The method of Huffman (44) was employed. To a s u s p e n s i o n of 
0 . 8 2 8 g ( 0 . 0 0 9 mo le s ) of l i t h i u m a c e t y l i d e - e t h y l e n e d i a m i n e complex i n 
7 .5 ml o f d r y d i o x a n e s a t u r a t e d w i t h d r y a c e t y l e n e was added d r o p w i s e 
o v e r a p e r i o d o f 0 .5 h r 0 .160 g ( 0 . 0 0 9 moles ) o f LVII d i s s o l v e d i n 7 .5 
ml o f d r y d i o x a n e u n d e r n i t r o g e n . A c e t y l e n e was b u b b l e d t h r o u g h t h e 
r e a c t i o n m i x t u r e t h r o u g h o u t t h e p e r i o d of a d d i t i o n and f o r 0 . 5 h r a f t e r ­
w a r d s . The r e a c t i o n m i x t u r e was warmed t o 35-40°C and s t i r r i n g was 
c o n t i n u e d f o r 22 h r . An e x c e s s of s o l i d ammonium c h l o r i d e was added 
f o l l o w e d by 2 ml of d i l u t e h y d r o c h l o r i c a c i d . The r e a c t i o n m i x t u r e was 
e x t r a c t e d w i t h e t h e r , and t h e e t h e r e x t r a c t s were washed t w i c e w i t h 
s a t u r a t e d b r i n e . Dry ing i n t h e u s u a l manner f o l l o w e d by remova l of t h e 
s o l v e n t l e f t a brown o i l . A l though t h e nmr and mass s p e c t r a l p r o p e r ­
t i e s were n o t c o m p l e t e l y c o n s i s t e n t w i t h t h e d e s i r e d compound LXI, t h e 
i n f r a r e d s p e c t r u m showed an a b s o r p t i o n i n c h l o r o f o r m a t 1730 ( s a t u r a t e d 
c y c l o p e n t a n o n e ) , and 3300 cm 1 ( a c e t y l e n i c t e r m i n a l C-H s t r e t c h i n g ) . 
The a b s o r p t i o n a t 1730 was l e s s i n t e n s e t h a n t h e c o r r e s p o n d i n g a b s o r p -
50 
t i o n i n t h e s t a r t i n g m a t e r i a l . No a b s o r p t i o n was o b s e r v e d i n t h e 
r e g i o n 2000-2500 c m " 1 . 
T r e a t m e n t of Crude LXI w i t h Dowex 50W-X12 R e s i n CH+ P h a s e ) 
+ 
To 1.35 g of Dowex 50W-X12 r e s i n (H Phase ) u n d e r n i t r o g e n was 
added t h e c r u d e p r o d u c t from t h e p r e c e d i n g e x p e r i m e n t d i s s o l v e d i n 
5 ml of g l a c i a l a c e t i c a c i d . W a t e r , 0 . 4 5 m l , was a d d e d , and t h e r e a c t i o n 
m i x t u r e was h e a t e d t o b o i l i n g w i t h s t i r r i n g f o r 24 h r . The s o l u t i o n was 
c o o l e d t o room t e m p e r a t u r e , 25 ml of e t h e r was a d d e d , and t h e m i x t u r e was 
washed w i t h 20 p e r c e n t sodium h y d r o x i d e s o l u t i o n u n t i l t h e wash was. b a s i c . 
The e t h e r s o l u t i o n was t h e n washed w i t h s a t u r a t e d b r i n e and d r i e d i n t h e 
u s u a l f a s h i o n and t h e s o l v e n t was removed . Glc a n a l y s i s r e v e a l e d t h e o i l 
r e m a i n i n g c o n t a i n e d s e v e r a l d i f f e r e n t compounds b u t c o n s i s t e d of one 
major component . S p e c t r a l e x a m i n a t i o n of t h e m a t e r i a l gave o n l y p o o r l y 
d e f i n e d r e s u l t s . The m a t e r i a l was t h u s s u b j e c t e d t o p r e p a r a t i v e g l c , 
and t h e major component of t h e m i x t u r e was c o l l e c t e d . S p e c t r a l d a t a on 
t h e c o l l e c t e d component show i t t o be i d e n t i c a l t o compound XLVII. 
T r e a t m e n t of LVII w i t h Dowex 50W-X12 R e s i n (H f Phase ) . 
A p p r o x i m a t e l y 0 .80 g ( 0 . 0 0 4 5 mole ) of LVI I , one gram of Dowex 
50W-X12 r e s i n (H + P h a s e ) , 3 ml of w a t e r , and 0 . 5 ml of g l a c i a l a c e t i c 
a c i d were h e a t e d t o b o i l i n g u n d e r n i t r o g e n f o r 24 h r . The r e a c t i o n 
m i x t u r e was c o o l e d t o room t e m p e r a t u r e , e t h e r was added and t h e m i x t u r e 
was washed w i t h 20 p e r c e n t sodium h y d r o x i d e s o l u t i o n u n t i l t h e wash was 
b a s i c . The e t h e r s o l u t i o n was t h e n washed w i t h s a t u r a t e d b r i n e , d r i e d 
i n t h e u s u a l f a s h i o n , and t h e s o l v e n t was removed t o l e a v e a d a r k brown 
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o i l . Glc a n a l y s i s o f t h i s m a t e r i a l showed i t t o b e a m i x t u r e of s e v e r a l 
components c o n t a i n i n g one major compound. T h i s major component was c o l ­
l e c t e d by p r e p a r a t i v e g l c . S p e c t r a l e x a m i n a t i o n r e v e a l e d t h a t t h e m a t e r i a l 
was i d e n t i c a l t o known XLVII, 
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CHAPTER IV 
DISCUSSION OF RESULTS 
As i n d i c a t e d i n C h a p t e r I , t h e p u r p o s e of t h e work d e s c r i b e d 
i n t h i s t h e s i s was t o i n v e s t i g a t e f u r t h e r t h e p h o t o c h e m i c a l r e a r r a n g e ­
ments of c r o s s - c o n j u g a t e d c y c l o h e x a d i e n o n e s and t o a p p l y t h e s e r e a r r a n g e ­
ments t o t h e s y n t h e s i s of n a t u r a l l y o c c u r r i n g compounds h a v i n g 5 / 7 - f u s e d 
and ( 4 . 5 ) s p i r o d e c a n e r i n g s y s t e m s . The f i r s t p a r t of t h e d i s c u s s i o n 
w i l l d e a l w i t h t h e r e a r r a n g e m e n t of such s y s t e m s , and t h e second p a r t 
w i l l be d e v o t e d t o t h e s y n t h e t i c work i n v o l v i n g t h e p r o d u c t s of t h e 
r e a r r a n g e m e n t s * 
S t a r t i n g m a t e r i a l s f o r p r e p a r i n g t h e r e q u i r e d d i e n o n e s w e r e , 
w i t h o u t e x c e p t i o n , b a s e d on an o c t a l o n e s y s t e m of t h e t y p e XXVII ( 2 8 ) . 
Compounds of t h e t y p e XXVII a r e g e n e r a l l y p r e p a r e d by c o n d e n s i n g a c y c l o -
hexanone m o i e t y w i t h an a p p r o p r i a t e v i n y l k e t o n e o r v i n y l k e t o n e p r e c u r s o r 
f o l l o w e d by c y c l i z a t i o n , t h e n e c e s s a r y f u n c t i o n a l g r o u p s b e i n g i n t r o d u c e d 
e i t h e r as a p a r t of t h e c y c l o h e x a n o n e b e f o r e a n n e l a t i o n o r added o n t o 
t h e o c t a l o n e s y s t e m a f t e r r i n g c l o s u r e . The second d o u b l e bond of t h e d i -
ene chromophore i s u s u a l l y i n t r o d u c e d a s t h e l a s t s t e p i n t h e s y n t h e s i s 
of such compounds, 
An e x c e p t i o n t o such a s e q u e n c e i s t h a t l e a d i n g t o t h e d i e n o n e 
p r e p a r e d by DeBarde leben i n 1967 , (10) i n which t h e s econd d o u b l e bond 
i s i n t r o d u c e d as p a r t of t h e r i n g c l o s u r e s e q u e n c e . P r e p a r a t i o n of XX, 
a l t h o u g h b e i n g r a t h e r l o n g , p r o c e e d e d s t r a i g h t f o r w a r d l y t o g i v e t h e 
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d e s i r e d compound. I r r a d i a t i o n of t h i s compound i n t h e manner d e s c r i b e d 
f o l l o w e d by workup and c h r o m a t o g r a p h y of t h e r e a c t i o n m i x t u r e gave 17 
p e r c e n t of t h e l a c t o n e XXI a n a l o g o u s t o t h e l a c t o n e XXII r e p o r t e d by 
DeBarde leben (10) and 35 p e r c e n t of t h e a l c o h o l XXIII i n a n a l o g y t o 
t h e r e s u l t s r e p o r t e d by DeBarde leben (10) f o r t h e r e a r r a n g e m e n t of t h e 
a c i d Id* I t was hoped t h a t compound XXIII would be of u s e i n t h e s y n ­
t h e s i s of a and 3 - v e t i v o n e s , T h i s w i l l be d i s c u s s e d l a t e r . 
S e v e r a l a p p r o a c h e s t o 4 - s u b s t i t u t e d d i e n o n e s were i n v e s t i g a t e d . 
In t h e f i r s t of t h e s e , compound XXVI was p r e p a r e d from o c t a l o n e XXVII 
u s i n g t h e g e n e r a l method of Wenkert (27) f o r g e n e r a t i n g and t r a p p i n g 
t h e e n o l a t e s of XXVII. An e x c e s s of compound XXVII was s t i r r e d w i t h 
a s u s p e n s i o n of sodium h y d r i d e i n DME o v e r n i g h t so a s t o g e n e r a t e t h e 
e q u i l i b r i u m e n o l a t e LXII ( 2 7 ) . T h i s e n o l a t e was t h e n c a r b o n a t e d by p o u r ­
i n g a s o l u t i o n of t h e a n i o n o v e r s o l i d c a r b o n d i o x i d e ; however , t h i s 
p r o c e d u r e gave r e d u c e d y i e l d s o f t h e p r o d u c t . P re sumab ly t h e p r e s e n c e 
of m o i s t u r e , which c o u l d n o t be e x c l u d e d from t h e r e a c t i o n m i x t u r e when 
t h i s method was employed , a c c o u n t e d f o r t h e d i f f i c u l t y . I t was n o t e d 
t h a t i f t h e r e a c t i o n m i x t u r e was n o t made b a s i c f o r a s h o r t t i m e b e f o r e 
a c i d i f i c a t i o n and e s t e r i f i c a t i o n w i t h d i a z o m e t h a n e , r e d u c e d y i e l d s of 
XXVI were o b t a i n e d . The i n i t i a l p r o d u c t of c a r b o n a t i o n i s p r o b a b l y t h e 
sodium s a l t of t h e a c i d L X I I I , which would be e x p e c t e d t o d e c a r b o x y l a t e 
s p o n t a n e o u s l y on a c i d i f i c a t i o n . I f howeve r , t h e m a t e r i a l was t r e a t e d 
w i t h b a s e p r i o r t o a c i d i f i c a t i o n t h e d o u b l e bond would be e x p e c t e d t o 
i s o m e r ! z e i n t o c o n j u g a t i o n t o g i v e compound LXIV. T h i s compound s h o u l d 
be s t a b l e t o a c i d long enough t o r e a c t s u c c e s s f u l l y w i t h d i a z o m e t h a n e , 
E s t e r i f i c a t i o n w i t h d i a z o m e t h a n e p r o c e e d e d s a t i s f a c t o r i l y when t h e wet 
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e t h e r s o l u t i o n of t h e a l k y l a t i n g a g e n t o b t a i n e d on t r e a t i n g N - n i t r o s o - N -
m e t h y l u r e a w i t h b a s e was u sed w i t h o u t f u r t h e r p u r i f i c a t i o n . 
U n f o r t u n a t e l y , a l l a t t e m p t s t o p r e p a r e t h e d i e n o n e XXVII from 
XXVI r e s u l t e d i n m i x t u r e s of d o u b l e bond i s o m e r s which d e f i e d s e p a r a t i o n . 
Using DDQ as an o x i d i z i n g a g e n t ( 6 , 8 , 10 , 38) f o u r d i f f e r e n t s e t s of 
c o n d i t i o n s were employed i n an a t t e m p t t o s e l e c t i v e l y i n t r o d u c e a 1,2 
d o u b l e bond i n t o XXVI. Both t h e r e a c t i o n t i m e and s o l v e n t were v a r i e d 
o v e r a wide r a n g e b u t i n a l l c a s e s t h e r a t i o of compounds formed a p p e a r e d 
t o be e s s e n t i a l l y c o n s t a n t . A l l a t t e m p t s t o s e p a r a t e t h e m i x t u r e p r o v e d 
f u t i l e . These i n c l u d e d b o t h c a r e f u l f r a c t i o n a l d i s t i l l a t i o n and column 
c h r o m a t o g r a p h y , s e p a r a t e l y and i n c o m b i n a t i o n . The m i x t u r e a p p e a r e d t o 
b e made up of compounds XXVIII, XXIX, and XXX, I t i s known (45) t h a t 
compounds of t h e t y p e XXX a r e formed on t r e a t m e n t of s i m i l a r s y s t e m s w i t h 
c h l o r o n i l , a r e a c t i o n c l o s e l y r e l a t e d t o t h e one u n d e r d i s c u s s i o n . I t 
i s a l s o known t h a t t r e a t m e n t of XXVII w i t h DDQ u n d e r s t r o n g l y a c i d i c con ­
di t ions g i v e s r i s e t o l i n e a r l y c o n j u g a t e d d i e n o n e s of t h e t y p e XXX. 
Powers (38) h a s found t h a t t r e a t m e n t of compound LXVI w i t h DDQ i n b e n z e n e 
a l s o g i v e s r i s e t o a m i x t u r e o f t h e c o r r e s p o n d i n g c r o s s - c o n j u g a t e d and 
l i n e a r l y c o n j u g a t e d d i e n o n e s . The e x a c t q u a n t i t a t i v e n a t u r e of t h e mix­
t u r e XXVIII, XXIX, and XXX wa-s riot d e t e r m i n e d ; however , a l a r g e p r e ­
dominance of any one i s o m e r was n o t o b s e r v e d . 
As i n t h e p r e p a r a t i o n of XXVI, t h e s t a r t i n g m a t e r i a l f o r p r e p a r a ­
t i o n of XXXIII was t h e o c t a l o n e XXVII. The method o f D j e r a s s i (31) was 
used t o p r e p a r e XXXII from XXVII. Not u n l i k e t h e c a s e of XX, t h e p r o ­
c e d u r e i s long b u t p r o c e e d e d s t r a i g h t f o r w a r d l y t o t h e d e s i r e d compound. 
The method of Woodward (30) was employed t o r e a c t e t h y l f o r m a t e w i t h 
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XXXII i n t h e p r e s e n c e of sodium raethoxide t o g i v e 4 - h y d r o x y m e t h y l e n e 
d e r i v a t i v e , XXXI, T h i s compound w a s , t h e n t r e a t e d w i t h DDQ a c c o r d i n g t o 
t h e method of D e b a r d e l e b e n (10) . The r e a c t i o n p r o c e e d e d s m o o t h l y and 
t h e d e s i r e d d i e n o n e was o b t a i n e d i n s a t i s f a c t o r y y i e l d . I t w i l l b e n o t e d 
t h a t an a b s o r p t i o n a t 3 .80 ppm i n t h e nmr s p e c t r u m of XXXIII h a s b e e n 
a s s i g n e d t o t h e C-6 e q u a t o r i a l p r o t o n . T h i s u n u s u a l l y low f i e l d a b ­
s o r p t i o n f o r an a l l y l i c p r o t o n may be due t o t h e p r o x i m i t y of t h e C-4 
formyl g roup t o t h e C-6 p r o t o n , A s i m i l a r o b s e r v a t i o n h a s b e e n made 
witfy r e s p e c t t o compound XXXVI a s w i l l be d i s c u s s e d l a t e r . 
I r r a d i a t i o n was c a r r i e d ou t i n 45 p e r c e n t a c e t i c a c i d u s i n g t h e 
450 w a t t s o u r c e w i t h a Py rex f i l t e r , The r e a c t i o n was c o n t i n u e d f o r 
1,5 h r t o g i v e what a p p e a r e d by nmr t o be a m i x t u r e of s t a r t i n g m a t e r i a l 
and a s m a l l amount of i t s d e c o n j u g a t e d i s o m e r , compound LXVII. D i s ­
t i l l a t i o n of t h i s m i x t u r e gave a f r a c t i o n s t i l l a m i x t u r e b u t g r e a t l y 
e n r i c h e d i n LXVII ( c a . 1 : 1 ) . F u r t h e r i r r a d i a t i o n of t h i s d i s t i l l e d 
m a t e r i a l f o r a s h o r t t i m e w i t h a 2537 a n g s t r o m s o u r c e gave a m a t e r i a l 
i d e n t i c a l i n i t s s p e c t r a l p r o p e r t i e s t o XXXIII . On s t a n d i n g o v e r n i g h t 
a t 0°C i n e t h e r , t h e m i x t u r e o b t a i n e d on d i s t i l l a t i o n showed a s l i g h t 
r e v e r s i o n toward t h e i n i t i a l c o m p o s i t i o n o b s e r v e d a f t e r t h e f i r s t 
i r r a d i a t i o n . I t was o b s e r v e d t h a t on e x t e n d e d i r r a d i a t i o n of XXXIII 
w i t h t h e 2537 a n g s t r o m s o u r c e , o n l y a m i x t u r e of i n t r a c t a b l e , p o l y m e r i c 
o i l s were o b t a i n e d . I t i s b e l i e v e d t h a t t h e i n i t i a l d e c o n j u g a t i o n 
i s of a t h e r m a l o r i g i n r a t h e r t h a n a p h o t o c h e m i c a l one f o r t h e f o l l o w ­
i n g r e a s o n s 4 Only a s m a l l amount of LXVII was o b s e r v e d a f t e r t h e 
i r r a d i a t i o n , p r o b a b l y l e s s t h a n 10 p e r c e n t , w h i l e a r e l a t i v e l y l a r g e 
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amount , p r o b a b l y g r e a t e r t h a n 40 p e r c e n t , was o b s e r v e d a f t e r d i s t i l l a t i o n , 
which n e c e s s i t a t e d e x t e n s i v e h e a t i n g . S i n c e t h e i r r a d i a t i o n was c a r r i e d 
ou t i n a c i d i c m e d i a , and s i n c e t h e t e m p e r a t u r e of t h e r e a c t i o n i s c a . 30°C, 
a s m a l l amount o f t h e r m a l d e c o n j u g a t i o n would , i f t h e r m o d y n a m i c a l l y f a v o r e d 
be e x p e c t e d t o o c c u r . On t h e o t h e r h a n d , i r r a d i a t i o n w i t h t h e 2537 angs t rom 
s o u r c e was c a r r i e d o u t a t ca.. 20°C a g a i n i n a c i d s o l u t i o n . T h i s t e m p e r a ­
t u r e d i f f e r e n c e c o u l d a c c o u n t f o r a the rmodynamic r a t h e r t h a n p h o t o c h e m i ­
c a l r e v e r s a l t o g i v e r e c o n j u g a t i o n . A d d i t i o n a l i n f o r m a t i o n r e g a r d i n g 
t h i s a p p a r e n t l y f a c i l e e q u i l i b r i u m c o u l d have b e e n o b t a i n e d from s t u d i e s 
on t h e e f f e c t of h e a t on XXXIII which had h o t been exposed t o u l t r a v i o l e t 
l i g h t ; howeve r , i n s u f f i c i e n t m a t e r i a l was a v a i l a b l e f o r such s t u d i e s . 
The 4 -cyanoenone (XXXIV) was a l s o p r e p a r e d from t h e fo rmyl 
o c t a l o n e , XXXI, The p r o c e d u r e of Kuehne (32) was f o l l o w e d (See C h a r t I I ) . 
Compound XXXI was r e a c t e d w i t h h y d r o x y l a m i n e h y d r o c h l o r i d e i n g l a c i a l 
a c e t i c a c i d t o g i v e a c r u d e p r o d u c t whose s t r u c t u r e was b e l i e v e d t o be 
t h a t o f t h e i s o x a z o l e , XXXV. Compound XXXV was n o t p u r i f i e d , b u t was 
r e a c t e d d i r e c t l y w i t h sodium m e t h o x i d e i n d r y b e n z e n e . Work up gave t h e 
d e s i r e d XXXIV i n 50 p e r c e n t y i e l d . T h i s m a t e r i a l was r e a c t e d w i t h DDQ 
i n t h e manner of Kissman (33) t o g i v e t h e d i e n o n e XXXVI. A t t e m p t s a t 
p r e p a r i n g XXXVI i n a manner s i m i l a r t o t h a t u sed f o r XXXIII g a v e , on work 
u p , o n l y s t a r t i n g m a t e r i a l . S i n c e t h e r a t e of r e a c t i o n of DDQ w i t h s y s ­
tems of t h i s t y p e i s c o n s i d e r e d t o be d e p e n d e n t on t h e r a t e of e n o l i z a t i o n 
of t h e s y s t e m , i t was f e l t t h a t XXXIV s h o u l d b e of t h e o r d e r of r e a c t i v i t y 
of XXXI. A p p a r e n t l y t h e e x t e n t of e n o l i z a t i o n of XXXIV i s n o t g r e a t 
enough t o g i v e r i s e t o a r a t e of r e a c t i o n as l a r g e as t h a t o b s e r v e d f o r 
compounds o f t h e t y p e XXXI, b u t i t s h o u l d be n o t e d t h a t t h e r e a c t i o n t i m e 
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Cha r t I I . S y n t h e t i c Route t o 4 - C y a n o d i e n o n e s . 
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r e q u i r e d ( c a . 12 h r ) i s o n l y a p p r o x i m a t e l y o n e - t h i r d t h a t r e q u i r e d f o r 
compounds of t h e t y p e XXVII where t h e e n o l c o n t e n t o f ^ t h e m a t e r i a l i s 
q u i t e s m a l l . As was p o i n t e d ou t e a r l i e r w i t h r e s p e c t t o XXXIII , compound 
XXXVI a l s o e x h i b i t s an a b s o r p t i o n i n t h e nmr s p e c t r u m a t u n u s u a l l y low 
f i e l d f o r an a l l y l i c p r o t o n which h a s b e e n a s s i g n e d t o t h e C-6 e q u a t o r i a l 
p r o t o n . As i n t h e e a r l i e r c a s e , t h e p r o x i m i t y of t h e cyano g r o u p t o t h i s 
C-6 p r o t o n i s f e l t t o be t h e c a u s e of t h i s abnormal a b s o r p t i o n . 
I r r a d i a t i o n o f XXXVI was c o n d u c t e d i n 45 p e r c e n t aqueous a c i d 
u s i n g t h e 450 w a t t s o u r c e w i t h a Pyrex f i l t e r . Work up of t h e r e a c t i o n 
m i x t u r e gave a c r u d e brown o i l which was c h r o m a t o g r a p h e d o v e r s i l i c a g e l 
t o g i v e t h e s p i r o hyd roxy k e t o n e XL i n 24 p e r c e n t y i e l d . P h o t o l y s i s 
of XXXVI a l s o gave two a d d i t i o n a l p r o d u c t s . I s o l a t e d a l o n g w i t h XL was 
a 3 p e r c e n t y i e l d of t h e p h e n o l XXXVIII i n d i r e c t a n a l o g y t o t h e known 
p h e n o l XXXVII o b t a i n e d i n o t h e r s y s t e m s ( 2 ) , Also i s o l a t e d and t e n ­
t a t i v e l y i d e n t i f i e d was t h e h y d r o a z u l e n e XXXIX i n 13 p e r c e n t y i e l d . 
The b e h a v i o r of XXXVI w i t h a cyano g roup a t C-4 i s i n d i r e c t c o n t r a s t 
t o t h e f i n d i n g s o f Debarde leber i (10) on s y s t e m s s u b s t i t u t e d w i t h e l e c t r o n 
w i t h d r a w i n g g r o u p s a t t h e 2 p o s i t i o n i n which he found p r o d u c t s whose 
f o r m a t i o n c o u l 4 be e x p l a i n e d by c l e a v a g e of t h e mesoionic i n t e r m e d i a t e 
V I I I i n o n l y one way. Whi le i t i s p o s s i b l e t h a t t h e 2 -cyano compound 
migh t n o t e x h i b i t t h e same b e h a v i o r a s t h e 2 - e s t e r and 2 - a c i d , i t was 
a n t i c i p a t e d t h a t t h e l o c a t i o n of t h i s g roup a t C-4 would l e a d e x c l u s i v e l y 
t o t h e s p i r o d e c a n e s t r u c t u r e . One e x p l a n a t i o n of t h e s e o b s e r v a t i o n s 
c o u l d l i e i n t h e f a c t t h a t t h e cyano g roup s i m p l y does n o t s u f f i c i e n t l y 
d e s t a b i l i z e t h e r e s o n a n c e form of V I I I which g i v e s r i s e t o h y d r o a z u l e n e s 
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t o e x c l u d e a s u b s t a n t i a l c o n t r i b u t i o n from t h i s form, On t h e o t h e r h a n d , 
i t i s known t h a t i n such s y s t e m s p h e n o l s u s u a l l y a r i s e from p h o t o l y t i c 
c l e a v a g e of l u m i p r o d u c t s ( 2 ) . The f a c t t h a t a 3 p e r c e n t y i e l d of t h e 
p h e n o l was i s o l a t e d i n d i c a t e s t h e p r o b a b l e i n t e r m e d i a c y of a l u m i -
p r o d u c t . Compound XXXIX c o u l d t h e n a l s o a r i s e from s o l v o l y t i c c l e a v a g e 
of t h i s l u m i p r o d u c t . 
Compound XLI was p r e p a r e d a c c o r d i n g t o t h e method of Seeback ( 3 5 ) . 
A s o l u t i o n o f XXVII i n g l a c i a l a c e t i c a c i d c o n t a i n i n g a s m a l l amount of 
a c e t i c a n h y d r i d e was t r e a t e d w i t h an e x c e s s of l e a d t e t r a a c e t a t e a t 
70-80°C f o r 24 h r . Work up of t h e r e a c t i o n m i x t u r e gave a 39 p e r c e n t 
y i e l d o f t h e d e s i r e d 2 - a c e t o x y k e t o n e , XLI, Along w i t h XLI was formed 
an a l m o s t e q u a l q u a n t i t y of t h e d i e n o n e Ig ( 1 0 ) . The mechanism f o r t h e 
f o r m a t i o n of XLI r e p o r t e d by Henbes t (47) i s shown i n c h a r t I I I , I t i s 
p r o b a b l e t h a t Ig a r i s e s from t h e l o s s of a 6 p r o t o n from t h e l e a d e s t e r 
as shown i n c h a r t I I I . V a r i o u s a t t e m p t s were made t o improve t h e y i e l d 
of XLI t o no a v a i l . Changes i n t h e r e a c t i o n t i m e and t e m p e r a t u r e had 
l i t t l e , i f a n y , e f f e c t on t h e amount of XLI o b t a i n e d , however , l o n g e r , 
r e a c t i o n t i m e s o r h i g h e r t e m p e r a t u r e s d i d s l i g h t l y i n c r e a s e t h e amount 
of I g o b t a i n e d . The method of Henbes t (46) was a l s o t r i e d . T h i s con­
s i s t e d of d i s s o l v i n g t h e c a r b o n y l compound t o be a c e t y l a t e d i n e i t h e r 
e t h e r o r b e n z e n e . To t h i s s o l u t i o n a c a t a l y t i c amount of b o r o n t r i -
f l u o r i d e e t h e r a t e and t h e r e q u i r e d amount o f l e a d t e t r a a c e t a t e was a d d e d . 
The r e a c t i o n m i x t u r e was s t i r r e d a t room t e m p e r a t u r e u n t i l s t a r c h i o d i d e 
p a p e r i n d i c a t e d t h a t a l l of t h e l e a d t e t r a a c e t a t e had b e e n consumed. 
A l though f o r s e v e r a l c a s e s Henbes t r e p o r t e d v a s t l y improved y i e l d s ove r 
t h o s e o b t a i n e d by t h e method of S e e b a c k , o n l y s t a r t i n g m a t e r i a l was 
C h a r t I I I . Mechanism of Lead T e t r a a c e t a t e 
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r e c o v e r e d i n a t t e m p t s t o p r e p a r e XLI by t h e i d e n t i c a l p r o c e d u r e . 
The g e n e r a l p r o c e d u r e o f Rao and A x e l r o d (36) was employed f o r t h e 
p r e p a r a t i o n of X L I I I . The a c e t a t e XLI was s t i r r e d w i t h an aqueous methon 
o l i c s o l u t i o n of p o t a s s i u m h y d r o x i d e w h i l e a t h i n s t r e a m of oxygen was 
b u b b l e d t h r o u g h t h e s o l u t i o n . The 2 -hydroxy d i e n o n e formed was n o t f u r ­
t h e r p u r i f i e d b u t was u sed d i r e c t l y i n t h e n e x t r e a c t i o n . A l t h o u g h t h e 
pa thway of t h e o x i d a t i o n i s n o t f u l l y documented , i t i s p o s s i b l e t o s u g ­
g e s t a r a t i o n a l mechanism. I t was o b s e r v e d t h a t when t h e h y d r o l y s i s of 
t h e e s t e r was c a r r i e d ou t i n t h e a b s e n c e of oxygen , o n l y t h e 2 - h y d r o x y T 
k e t o n e was formed and n o t t h e d i e n o n e . S u b s e q u e n t r e a c t i o n of t h i s 
h y d r o x y k e t o n e w i t h oxygen i n b a s i c s o l u t i o n gave t h e d e s i r e d d i e n o n e . 
The mechanism p r o p o s e d f o r t h i s r e a c t i o n i s shown i n C h a r t IV. The 
m a t e r i a l ( X L I I I ) o b t a i n e d from t h e above o x i d a t i o n was r e a c t e d w i t h 
p o t a s s i u m t_ -bu tox ide i n t_-but:yl a l c o h o l a c c o r d i n g t o t h e method of 
Baran (37) t o form t h e e n o l a t e a n i o n of t h e e n o l . T h i s a n i o n was t h e n 
r e a c t e d w i t h a l a r g e e x c e s s of m e t h y l i o d i d e t o g i v e t h e d e s i r e d methoxy-
d ienone XLII a s a w h i t e c r y s t a l l i n e s o l i d . I t was found t h a t XLII c o u l d 
be c a u s e d t o u n d e r g o r e a r r a n g e m e n t w i t h e i t h e r a 2537 angs t rom 7 w a t t 
s o u r c e o r a 450 w a t t s o u r c e w i t h e m i s s i o n maxima a t b o t h 2537 and 3600 
a n g s t r o m s . I t was o b s e r v e d by i r t h a t t h e d i s a p p e a r a n c e of s t a r t i n g 
m a t e r i a l was r a p i d d u r i n g t h e f i r s t one t o two h o u r s of t h e r e a c t i o n b u t 
d e c r e a s e d r a t h e r s h a r p l y a s t h e r e a c t i o n p r o g r e s s e d . At t h e end of e i g h t 
t o t e n h o u r s i n t h e c a s e o f t h e 7 w a t t s o u r c e , o r two t o t h r e e h o u r s i n 
t h e c a s e o f t h e 450 w a t t s o u r c e , t h e r a t e of d i s a p p e a r a n c e of t h e s t a r t ­
i n g m a t e r i a l was s o s low t h a t f u r t h e r i r r a d i a t i o n p roduced n e g l i g i b l e 
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r e s u l t s , Due t o t h e f a c t t h a t t h e e n o l e t h e r f u n c t i o n of t h e e x p e c t e d 
p r o d u c t would l i k e l y be a c i d l a b i l e , i t was f e l t t h a t t h e u s u a l e v a p o r a ­
t i v e work u p , which r e q u i r e s c o n s i d e r a b l e c o n t a c t w i t h aqueous a c i d a t 
t e m p e r a t u r e s i n e x c e s s of 65°C, was t o o v i g o r o u s . For t h i s r e a s o n t h e 
s o l v e n t was removed from t h e r e a c t i o n m i x t u r e by l y o p h i l i z a t i o n . I t was 
found t h a t t h i s p r o c e d u r e was e x t r e m e l y s a t i s f a c t o r y f o r r emoving aqueous 
a c e t i c ac id , and t h a t t h e t i m e r e q u i r e d t o remove c a . 300 ml of s o l v e n t 
was o n l y a b o u t f o u r h o u r s , Chromatography of t h e r e a c t i o n p r o d u c t o v e r 
s i l i c a g e l gave 36 p e r c e n t of t h e e x p e c t e d s p i r o hyd roxy k e t o n e XLIV as 
w e l l a s s m a l l amounts of m i x t u r e s of o t h e r compounds. Whi le t h e s e a d d i ­
t i o n a l compounds were n o t f u l l y c h a r a c t e r i z e d , i t was c l e a r t h a t XLIV 
was t h e major s i n g l e compound formed i n t h e r e a c t i o n . I n f r a r e d a n a l y s i s 
i n d i c a t e d t h a t a s m a l l amount of a h y d r o a z u l e n e of t h e t y p e LXVIII m i g h t 
be p r e s e n t i n low y i e l d b u t much l e s s t h a n had b e e n o b s e r v e d i n t h e c a s e 
o f XXXVI, A s i d e from r e c o v e r e d s t a r t i n g m a t e r i a l , one a d d i t i o n a l compound 
was i d e n t i f i e d . T h i s m a t e r i a l was i d e n t i c a l i n s p e c t r a l and p h y s i c a l 
p r o p e r t i e s t o t h e 2 -hydroxy d i e n o n e X L I I I . In r u n s where a d e q u a t e p r e ­
c a u t i o n s were t a k e n t o i n s u r e t h e p u r i t y o f t h e s t a r t i n g m a t e r i a l , XLIII 
w a s , n o n e t h e l e s s , i s o l a t e d i n g r e a t e r t h a n t r a c e a m o u n t s . The amount 
i s o l a t e d from a g i v e n r u n seemed t o be r o u g h l y r e l a t e d t o t h e l e n g t h of 
t i m e of i r r a d i a t i o n , l a r g e r amounts b e i n g o b t a i n e d when t h e 7 w a t t s o u r c e 
was u s e d f o r e x t e n d e d p e r i o d s of t i m e . I t i s b e l i e v e d t h a t t h i s m a t e r i a l 
a r i s e s from p h o t o c h e m i c a l o r i g i n s s i n c e a l l o w i n g t h e r e a c t i o n m i x t u r e t o 
s t a n d o v e r n i g h t a t room t e m p e r a t u r e b e f o r e s o l v e n t r emova l gave no s i g ­
n i f i c a n t i n c r e a s e i n t h e amount of XLIII i s o l a t e d . I n one c a s e t h e s o l ­
v e n t was removed i n t h e u s u a l f a s h i o n ( i n vacuo e v a p o r a t i o n on t h e s t eam 
b a t h ) . Again no s i g n i f i c a n t i n c r e a s e i n t h e amount of XLII I was n o t e d , 
The p h o t o c h e m i c a l a d d i t i o n of p r o t i c s o l v e n t s t o d o u b l e bonds i s w e l l 
documented ( 4 7 a , b ) . A d d i t i o n of w a t e r t o t h e A* d o u b l e bond of XLII 
would l e a d t o s t r u c t u r e LXIX, Loss of m e t h a n o l from t h i s s t r u c t u r e 
would t h e n g i v e X L I I I , 
The 5 , 9 - d i m e t h y l d i e n o n e , XLIX, was p r e p a r e d from t h e o c t a l o n e 
XLVII (See C h a r t V) , U n l i k e o c t a l o n e XXVII, XLVII c o u l d n o t b e p r e ­
p a r e d i n a c c e p t a b l e y i e l d by c o n d e n s i n g t h e a p p r o p r i a t e l y s u b s t i t u t e d 
c y c l o h e x a n o n e w i t h m e t h y l v i n y l k e t o n e , b u t was p r e p a r e d by an i n d i r e c t 
approach„ The d i f f i c u l t i e s of t h i s r e a c t i o n a r e d i s c u s s e d by M a r s h a l l 
(39) who a l s o o f f e r s a s y n t h e s i s of t h e compound. R e c e n t l y , C a i n e and 
T u l l e r (48) a l s o p u b l i s h e d a s y n t h e s i s of t h i s compound. Both methods 
a r e s a t i s f a c t o r y f o r t h e p r e p a r a t i o n of XLVII, e i t h e r g i v i n g y i e l d s of 
a p p r o x i m a t e l y 40 p e r c e n t . Compound XLVII was t r a n s f o r m e d i n t o XLIX 
v i a XLVI and i n a manner a n a l o g o u s t o t h a t d i s c u s s e d above f o r t h e con­
v e r s i o n of XXVII i n t o XLII . The y i e l d s of t h e v a r i o u s s t e p s , n o t un -
, e x p e c t e d l y ; were s i m i l a r t o t h o s e r e p o r t e d f o r t h e s t e p s l e a d i n g t o XLII . 
I r r a d i a t i o n of XLIX u n d e r c o n d i t i o n s i d e n t i c a l t o t h o s e employed f o r XLII 
gave e s s e n t i a l l y i d e n t i c a l r e s u l t s . The y i e l d of s p i r o k e t o n e was 28 p e r ­
c e n t b a s e d on r e c o v e r e d s t a r t i n g m a t e r i a l a s compared t o 3 5 ' p e r c e n t f o r 
t h e monomethyl compound. The low y i e l d s i n t h e s e r e a c t i o n s a r e somewhat 
d i s a p p o i n t i n g . P o s s i b l y t h e u s e o f m e t h a n o l - a c e t i c a c i d o r g l a c i a l 
a c e t i c a c i d would i n c r e a s e t h e amounts of s p i r o k e t o n e s formed by p r o ­
h i b i t i n g t h e f o r m a t i o n o f 2 -hydroxy compounds. I t i s w e l l a c c e p t e d t h a t 
t h e most s t a b l e s t e r e o c h e m i c a l form of XLVII i s t h a t i n which t h e 5 -
m e t h y l g roup i s i n t h e a , e q u a t o r i a l c o n f i g u r a t i o n . S i n c e t h i s p o s i t i o n 
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i s v i n y l o g o u s l y a c t i v a t e d , and s i n c e t h e compound i s p r e p a r e d u n d e r 
e q u i l i b r i u m c o n d i t i o n s , i t i s f e l t t h a t t h e m a t e r i a l p r e p a r e d d u r i n g t h e 
c o u r s e of t h i s work was t h e 5 a - m e t h y l i s o m e r . I n d e e d , no e v i d e n c e t o 
t h e c o n t r a r y was found . In view of t h i s f a c t , and c o n s i d e r i n g t h e 
mechanism p r o p o s e d f o r t h e p h o t o c h e m i c a l r e a r r a n g e m e n t h e r e i n d i s c u s s e d , 
i t f o l l o w s t h a t t h e r e l a t i v e s t e r e o c h e m i s t r y of t h e s p i r o h y d r o x y k e t o n e 
L,must be as shown, A sound knowledge o f t h e s t e r e o c h e m i s t r y o f t h i s 
compound i s n e c e s s a r y t o t h e work t o b e d i s c u s s e d h e r e a f t e r . 
As i s m e n t i o n e d i n t h e p a r a g r a p h above t h e s t e r e o c h e m i s t r y of L 
i s such t h a t t h e 9 - m e t h y l g roup and 4 - m e t h y l e n e g r o u p of t h e f i v e mem-
b e r e d r i n g may be c o n s i d e r e d t r a n s t o one a n o t h e r . I n s p e c t i o n of t h e 
s t r u c t u r e s of compounds b e l o n g i n g t o t h e 3 - v e t i v o n e f a m i l y r e v e a l t h a t 
i f t h e C-3 c a r b o n y l o f L i s t o be u sed f o r t h e i n t r o d u c t i o n of t h e t h r e e 
c a r b o n s i d e c h a i n i n m o l e c u l e s of t h i s t y p e , t h e r e l a t i v e s t e r e o c h e m i s ­
t r i e s o f compounds p r o d u c e d i n t h i s f a s h i o n w i l l be o p p o s i t e t o t h a t 
found i n t h e n a t u r a l l y o c c u r i n g compounds. The r e m a i n i n g p a r t of t h i s 
d i s c u s s i o n w i l l d e t a i l t h e c i r c u m v e n t i o n of t h i s p r o b l e m . B a s i c a l l y , t h e 
a p p r o a c h i n v o l v e s r e d u c t i o n of t h e C-3 c a r b o n y l t o m e t h y l e n e , h y d r o l y s i s 
o f t h e r e m a i n i n g e n o l e t h e r , and i n t r o d u c t i o n o f t h e t h r e e c a r b o n s i d e 
c h a i n a t t h e p o s i t i o n of t h e new c a r b o n y l f u n c t i o n . The r e a s o n f o r s t u d y 
o f t h e 2-methoxy d i e n o n e s i s t h e n o b v i o u s , f o r such compounds n o t o n l y 
have t h e a p p r o p r i a t e f u n c t i o n a l g r o u p s f o r t h e d e s i r e d i n f l u e n c e on t h e 
r e a r r a n g e m e n t , b u t a l s o p r o v i d e a means t o c o n v e r t t h e r e a r r a n g e d 
p r o d u c t i n t o an A - r i n g u n s u b s t i t u t e d s p i r o d e c a n e o f t h e p r o p e r s t e r e o ­
c h e m i s t r y f o r t h e s y n t h e s i s of n a t u r a l l y o c c u r r i n g compounds r e l a t e d 
t o 3 - v e t i v o n e , 
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The f i r s t a p p r o a c h was t h a t of r e d u c t i o n of t h e C-3 c a r b o n y l g roup 
w i t h l i t h i u m aluminum h y d r i d e , p r e p a r a t i o n of t h e t o s y l a t e of t h e r e ­
s u l t i n g a l c o h o l , and l i t h i u m aluminum h y d r i d e r e d u c t i o n of t h e t o s y l a t e . 
Compound XLIV was chosen as a model s y s t e m f o r t h e s e e x p e r i m e n t s . For 
obv ious r e a s o n s , i t seemed l i k e l y t h a t any s e r i e s of r e a c t i o n s a p p l i ^ 
c a b l e t o XLIV would be e q u a l l y a p p l i c a b l e t o L„ R e d u c t i o n of XLIV 
p r o c e e d e d i n t h e u s u a l manner t o g i v e t h e d e s i r e d a l c o h o l . However, 
a t t e m p t s t o c o n v e r t t h e a l c o h o l t o t h e t o s y l a t e w i t h p _ - t o l u e n e s u l f o n y l 
c h l o r i d e were u n s u c c e s s f u l . A s u c c e s s f u l method was d e v i s e d and t h i s 
w i l l be d i s c u s s e d l a t e r . 
A s econd a t t e m p t t o remove t h e C-3 c a r b o n y l i n v o l v e d Wolff-
K i s h n e r r e d u c t i o n of L, The Huang-Minion m o d i f i c a t i o n of t h e r e d u c t i o n 
was employed a c c o r d i n g t o a p r o c e d u r e communicated p r i v a t e l y t o t h e 
a u t h o r by P r o f e s s o r P i e r r e Crsibbe, U n f o r t u n a t e l y , t h e m a t e r i a l i s o l a t e d 
from t h i s r e a c t i o n had no w e l l - d e f i n e d s p e c t r a l p r o p e r t i e s . 
The t h i r d p o s s i b i l i t y f o r r emoving t h e C-3 c a r b o n y l was t h a t of 
p r e p a r i n g t h e e t h y l e n e d i t h i o k e l a l of XLIV f o l l o w e d by d e s u l f u r i z a t i o n 
w i t h Raney n i c k e l i n t h e u s u a l manne r . R e a c t i o n of t h e s p i r o k e t o n e w i t h 
e t h a n e d i t h i o l i n b e n z e n e c o n t a i n i n g a c a t a l y t i c amount of b o r o n t r i -
f l u o r i d e - e t h e r a t e gave p r e d o m i n a t e l y t h e b i s - d i t h i o k e t a l LXX. Only 
a s m a l l amount o f t h e m o n o d i t h i o k e t a l c o u l d be d e t e c t e d . S u b s e q u e n t i n ­
v e s t i g a t i o n o f compound LXXI h a v i n g t h e same k e t o - e n o l e t h e r sy s t em by 
a n o t h e r worke r i n ou r l a b o r a t o r i e s (49) r e v e a l e d t h a t t h e r e a c t i o n was 
n o t d e p e n d e n t on c o n c e n t r a t i o n , s o l v e n t , o r r e a c t i o n t i m e , t h e b i s -
d i t h i o k e t a l b e i n g t h e major p r o d u c t r e g a r d l e s s of c o n d i t i o n s . One 
p o s s i b l e e x p l a n a t i o n of t h i s o b s e r v a t i o n l i e s i n t h e f a c t t h a t b o r o n 
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t r i f l u o r i d e c o u l d form a complex w i t h t h e oxygen of t h e e n o l e t h e r which 
i s t h e n h y d r o l y z e d by t h e w a t e r l i b e r a t e d on f o r m a t i o n of t h e t h i o k e t a l . 
At any r a t e , t h e r e a c t i o n p r o v e d t o b e of no u s e t o t h e p r o p o s e d scheme. 
A f i n a l a p p r o a c h i n v o l v i n g h y d r o x y k e t o n e s t a r t i n g m a t e r i a l s i n ­
v o l v e d t h e r e d u c t i o n of XLIV w i t h p a l l a d i u m on c a r b o n f o l l o w e d by f u r ­
t h e r r e d u c t i o n w i t h p l a t i n u m o x i d e t o g i v e t h e d i o l LXXII. I t was 
hoped t h a t t r e a t m e n t of t h e m a t e r i a l w i t h a d e h y d r a t i n g a g e n t such as 
t h i o n y l c h l o r i d e i n p y r i d i n e would g i v e r i s e t o t h e d e s i r e d e n o l e t h e r 
LXXIII . S u b s e q u e n t h y d r o l y s i s would t h e n g i v e t h e d e s i r e d k e t o n e LVII . 
A l though t h e r e d u c t i o n a p p e a r e d t o p r o c e e d s u c c e s s f u l l y t o LXXII, 
d e h y d r a t i o n gave o n l y p o l y m e r i c m a t e r i a l s w i t h no w e l l d e f i n e d s p e c t r a l 
p r o p e r t i e s . 
The r e m a i n d e r of t h e s e q u e n c e s a t t e m p t e d i n v o l v e d t h e d e h y d r a t e d 
form of t h e h y d r o x y . k e t o n e s . Both XLJV and L c o u l d be d e h y d r a t e d s u c ­
c e s s f u l l y w i t h t h i o n y l c h l o r i d e i n p y r i d i n e and gave a c c e p t a b l e y i e l d s 
of- t h e dehydro compounds LII and L I I I , r e s p e c t i v e l y . D e h y d r a t i o n of 
compound L was a l s o a t t e m p t e d u s i n g p h o s p h o r o u s o x y c h l o r i d e . The r e a c t i o n 
p r o c e e d e d o n l y p a r t l y t o c o m p l e t i o n and gave an a p p r o x i m a t e l y 1:1 m i x ­
t u r e of p r o d u c t and s t a r t i n g m a t e r i a l , b u t i n lower o v e r a l l y i e l d t h a n 
when t h e r e a c t i o n was c a r r i e d o u t u s i n g t h i o n y l c h l o r i d e , , Compound L I I I 
was a l s o s u b j e c t e d t o t h e c o n d i t i o n s of W o l f f - K i s h n e r r e d u c t i o n i n an 
a t t e m p t t o p r e p a r e compound LVI. Two p r o c e d u r e s were employed . In t h e 
f i r s t , t h e s e m i c a r b a z o n e of L I I I was p r e p a r e d and s u b j e c t e d t o t h e 
c o n d i t i o n s . d e s c r i b e d by Cram (40) f o r t h e room t e m p e r a t u r e r e d u c t i o n i n 
d i m e t h y l s u l f o x i d e . S p e c t r a l p r o p e r t i e s of t h e s o l i d r e c o v e r e d were 
i d e n t i c a l t o t h o s e of t h e s t a r t i n g m a t e r i a l . T h i s same s e m i c a r b a z o n e was 
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s u b j e c t e d t o t h e c o n d i t i o n s d e s c r i b e d e a r l i e r for t h e Wolff Kishner r e d u c t i o n 
of L. Only p o l y m e r i c m a t e r i a l s were o b t a i n e d on workup . Compound L I I I 
was a l s o s u b j e c t e d t o t h e s e c o n d i t i o n s , b u t a g a i n t o no a v a i l as o n l y 
da rk i n t r a c t a b l e o i l s were o b t a i n e d on work up,, 
The s u c c e s s f u l app roach t o t h e d e s i r e d compounds (See C h a r t VI) 
was one i n v o l v i n g r e d u c t i o n of t h e k e t o n e L I I I t o i t s c o r r e s p o n d i n g 
a l c o h o l w i t h l i t h i u m aluminum h y d r i d e f o l l o w e d by a c e t y l a t i o n w i t h 
a c e t i c a n h y d r i d e i n p y r i d i n e , t r e a t m e n t w i t h l i t h i u m i n e t h y l a m i n e , and 
h y d r o l y s i s . An a t t e m p t was made t o r e d u c e L I I I w i t h l i t h i u m aluminum 
h y d r i d e i n t h e u s u a l f a sh ion , . Work up of t h e r e a c t i o n m i x t u r e g a v e , 
a l o n g w i t h t h e d e s i r e d a l c o h o l , a l a r g e amount o f a m a t e r i a l whose i n f r a ­
r e d s p e c t r u m e x h i b i t e d an a b s o r p t i o n c h a r a c t e r i s t i c of a s a t u r a t e d c y c l o ­
p e n t a n o n e r i n g . F u r t h e r i n v e s t i g a t i o n r e v e a l e d t h a t t h e no rma l mode o f r 
d u c t i o n was p a r a l l e l e d by 1 , 4 - r e d u c t i o n of t h e c y c l o p e n t a n o n e sy s t em 
t o g i v e r i s e t o d i h y d r o L I I I i n which t h e A 1 d o u b l e bond had b e e n r e ­
d u c e d . Smal l amounts of t h e t e t r a h y d r o compound LXXIV were a l s o d e t e c t e d . 
R e d u c t i o n i n an a n a l o g o u s f a s h i o n w i t h sodium b o r o h y d r i d e gave t h e same 
r e s u l t w i t h even l a r g e r amounts of t h e d i h y d r o compound formed. - I t was 
f e l t , t h a t t h e h i g h c o n c e n t r a t i o n of r e d u c i n g a g e n t i n t h e s o l u t i o n 
p r o b a b l y a c c o u n t e d f o r t h e u n d e s i r a b l e c o u r s e of t h e r e d u c t i o n , A 
s t a n d a r d i z e d s o l u t i o n o f l i t h i u m aluminum h y d r i d e i n e t h e r was p r e p a r e d 
and an e q u i v a l e n t amount was added d r o p w i s e s l o w l y t o t h e s t i r r e d s o l u ­
t i o n of L I I I . Work up of t h e r e a c t i o n gave an e x c e l l e n t y i e l d of t h e d e ­
s i r e d compound LIV and no t r a c e pf t h e 1,4 r e d u c t i o n p r o d u c t o b t a i n e d 
i n t h e p r e v i o u s r e a c t i o n was o b s e r v e d . A c e t y l a t i o n of LIV p r o c e e d e d 
A c 2 0 / P y r i d i n e 
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smoo th ly t o t h e a c e t a t e LV when a s o l u t i o n of LIV was s t i r r e d o v e r n i g h t 
a t room t e m p e r a t u r e w i t h a c e t i c a n h y d r i d e i n p y r i d i n e . 
The l i t h i u m - e t h y l a m i n e r e d u c t i o n of LV was c a r r i e d o u t i n t h e 
manner of Henbes t (41) i n which t h e compound t o be r e d u c e d i s added d r o p -
w i s e t o a s o l u t i o n of t h e r e q u i r e d amount of l i t h i u m d i s s o l v e d i n d r y 
e t h y l a m i n e . Work up of t h i s r e a c t i o n m i x t u r e g a v e , n o t t h e d e s i r e d com­
pound LVI, b u t a complex m i x t u r e of compounds, t h e i n f r a r e d s p e c t r u m of 
which i n d i c a t e d t h e p r e s e n c e of a s a t u r a t e d c y c l o p e n t a n o n e s y s t e m . In 
view of t h e n a t u r e of t h e r e a c t i o n and t h e p a s t h i s t o r y of t h e sample 
i t was b e l i e v e d t h a t such an a b s o r p t i o n c o u l d o n l y a r i s e from a compound 
of t h e t y p e LVII , A l s o , t h e nmr s p e c t r u m of t h e r e a c t i o n m i x t u r e was 
n o t a b l e i n t h e n e a r a b s e n c e of an a b s o r p t i o n c o r r e s p o n d i n g t o t h a t e x ­
p e c t e d f o r a me thoxy l g r o u p . C o n s i d e r i n g t h e s u c c e s s of t h e i n v e r s e 
l i t h i u m aluminum h y d r i d e r e d u c t i o n c a r r i e d o u t on L I I I , i t seemed 
l i k e l y t h a t t h i s p r o c e d u r e might be s u i t a b l e f o r r e d u c t i o n of t h e a c e -
t a t e L V w i t h l i t h i u m i n e t h y l a m i n e . In f a c t , when a s o l u t i o n o f l i t h i u m 
w i r e d i s s o l v e d i n d r y e t h y l a m i n e was added d r o p w i s e t o a s o l u t i o n o f LV 
i n d r y e t h y l a m i n e , t h e r e a c t i o n gave an e x c e l l e n t y i e l d of t h e d e s i r e d 
compound, LVI. I t was o b s e r v e d , howeve r , t h a t i f a d d i t i o n of t h e l i t h i u m 
s o l u t i o n was c o n t i n u e d t o t h e p o i n t t h a t t h e b l u e c o l o r p e r s i s t e d f o r 
more t h a n a few s e c o n d s , t h e y i e l d of LVI was s i g n i f i c a n t l y r e d u c e d . I t 
was a l s o n o t e d t h a t i f t h e d r o p w i s e a d d i t i o n of t h e r e d u c i n g a g e n t was 
e x t e n d e d o v e r a l o n g p e r i o d of t i m e , v a r y i n g amounts of LIV were a l s o 
o b t a i n e d . The e x a c t amount depended t o a l a r g e e x t e n t on t h e l e n g t h of 
t ime d u r i n g which t h e a d d i t i o n was c a r r i e d o u t . I t i s n o t u n d e r s t o o d 
what s e c o n d a r y r e a c t i o n t a k e s p l a c e i n t h e p r e s e n c e of e x c e s s l i t h i u m , 
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e x c e p t t h a t t h e p r o d u c t o r p r o d u c t s a r e n o t e n o l e t h e r s . I t i s p r o b a b l e 
t h i s s e c o n d a r y r e a c t i o n i s t h e same r e a c t i o n t h a t t a k e s p l a c e when t h e 
r e d u c t i o n i s c o n d u c t e d i n t h e normal f a s h i o n , which s u g g e s t s , i n f a c t , 
t h a t t h e l o s s of a c e t a t e i s t h e f i r s t r e a c t i o n t o t a k e p l a c e . T h i s i s 
f o l l o w e d by i n t e r a c t i o n of t h e e n o l e t h e r sy s t em w i t h t h e r e d u c i n g a g e n t 
i n some f a s h i o n . The f o r m a t i o n of LIV i s b e s t e x p l a i n e d by c o n s i d e r i n g 
t h e f a c t t h a t , as t h e r e d u c t i o n p r o c e e d s , t h e c o n c e n t r a t i o n of l i t h i u m 
e t h y l a m i d e i s i n c r e a s e d . T h i s may, i n t u r n , a t t a c k u n r e a c t e d m o l e c u l e s 
of t h e a c e t a t e t o g i v e c l e a v a g e of t h e e s t e r t o t h e p a r e n t a l c o h o l . 
T h u s , t h e o b s e r v a t i o n t h a t s h o r t r e a c t i o n t i m e s a r e c o n s i s t e n t w i t h t h e 
b e s t y i e l d s of LVI. The i n i t i a l d i s a p p e a r a n c e of t h e b l u e c o l o r of t h e 
l i t h i u m e t h y l a m i n e s o l u t i o n i s e x t r e m e l y r a p i d , and , i f t h e r e a c t i o n i s 
quenched i m m e d i a t e l y when t h e u p t a k e o f t h i s c o l o r d e c r e a s e s , t h e y i e l d s 
of LVI a r e n o t a l t e r e d which i n d i c a t e s t h a t t h e r e d u c t i o n i s e x t r e m e l y 
r a p i d w i t h r e s p e c t t o compe t ing r e a c t i o n s i n t h e a b s e n c e o f a l a r g e e x ­
c e s s of r e d u c i n g a g e n t . H y d r o l y s i s of LVI was a c c o m p l i s h e d s i m p l y by 
s t i r r i n g t h e compound w i t h a s o l u t i o n o f aqueous m e t h a n o l i c o x a l i c a c i d 
a t room t e m p e r a t u r e f o r 0 . 5 h r „ 
A n o t h e r a p p r o a c h f o r c o n v e r t i n g LV t o LVII was c o n s i d e r e d p r i o r 
t o t h e work u s i n g l i t h i u m i n e t h y l amine . T h i s i n v o l v e d t h e h y d r o l y s i s 
of LV t o t h e k e t o n e , LXXV. I t was t h o u g h t t h a t LXXV s h o u l d r e a c t 
r e a d i l y w i t h l i t h i u m i n l i q u i d ammonia t o g i v e t h e k e t o n e LVII . Un­
f o r t u n a t e l y , a l l a t t e m p t s t o h y d r o l y z e t h e m a t e r i a l r e s u l t e d i n e i t h e r 
r e c o v e r y of unchanged s t a r t i n g m a t e r i a l o r i n m a t e r i a l i n which b o t h t h e 
a c e t a t e and e n o l e t h e r f u n c t i o n s had b e e n removed. I n d e e d , e x p e r i m e n t s 
c o n d u c t e d on t h e model s y s t e m LXXI i n d i c a t e d t h a t i n such s y s t e m s , t h e 
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a c e t a t e was t h e f i r s t g roup t o u n d e r g o h y d r o l y s i s , P r e sumab ly t h i s was 
due t o t h e s t r o n g e l e c t r o n w i t h d r a w i n g e f f e c t e x e r t e d on t h e e n o l e t h e r 
s y s t e m by t h e a c e t a t e g roup f o r , as d e s c r i b e d a b o v e , t h e same sys tem i n 
t h e a b s e n c e of t h e a c e t a t e g roup i s r e a d i l y h y d r o l y z a b l e u n d e r m i l d c o n ­
d i t i o n s . 
The s p i r o k e t o n e p r e p a r e d from L was compared w i t h t h e c o r r e s p o n d ­
i n g s t e r e o i s o m e r i c k e t o n e LX p r e p a r e d from LIX and LVIII a c c o r d i n g t o 
t h e methods of Kropp (43) and M a r s h a l l (20) d e s c r i b e d i n t h e e x p e r i m e n t a l 
s e c t i o n . A l though t h e i n f r a r e d s p e c t r a of t h e two compounds were a l m o s t 
i d e n t i c a l , t h e nmr s p e c t r a were s u f f i c i e n t l y d i f f e r e n t t o c o n f i r m t h a t 
t h e two compounds were n o t i d e n t i c a l . The AB q u a r t e t f o r t h e C-4 p r o t o n 
a b s o r p t i o n s of LX was c l e a r l y d i s t i n g u i s h a b l e a t 2 , 1 0 and 2 . 2 4 ppm w i t h 
a c o u p l i n g c o n s t a n t of -19 Hz ( s e e p l a t e 2) w h i l e f o r L V I I I , an a b s o r p ­
t i o n was o b s e r v e d a t a p p r o x i m a t e l y 2 ppm which on f i r s t i n s p e c t i o n 
a p p e a r e d t o be a s h a r p s i n g l e t . F u r t h e r i n v e s t i g a t i o n of t h e Jimr s p e c t r u m 
u s i n g a 100 MHz i n s t r u m e n t r e v e a l e d t h a t t h e peak was i n r e a l i t y a d o u b l e t 
which composed t h e i n n e r p a i r of peaks of an AB q u a r t e t a t 2 . 15 and 2 . 1 6 
ppm. T h i s s p l i t t i n g of t h e a p p a r e n t s i n g l e t was a l s o o b s e r v a b l e i n t h e 
expanded s p e c t r u m of a 60 MHz d e t e r m i n a t i o n , J ^ B was a g a i n o b s e r v e d 
t o b e -19 Hz (See p l a t e 1 ) . I t was f e l t t h a t t h e most p r o m i s i n g a p p r o a c h 
t o t h e m e t h y l k e t o n e LXXVII was t h e a d d i t i o n of sodium o r l i t h i u m a c e t y l ­
i d e t o t h e c a r b o n y l g roup LVII f o l l o w e d by c o n v e r s i o n of t h e r e s u l t i n g 
a c e t y l e n e t o t h e k e t o n e LXXIX. S i n c e LXXVII had b e e n p r e v i o u s l y con­
v e r t e d t o an i s o m e r i c m i x t u r e of d l - h i n e s o l and d l - a g a r o s p i r o l , t h i s 
would c o m p l e t e t h e s y n t h e s i s of t h e s e two compounds. 
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A t t e m p t s t o r e a c t LVII w i t h b o t h sodium and l i t h i u m a c e t y l i d e 
were u n s u c c e s s f u l , and gave o n l y u n r e a c t e d s t a r t i n g m a t e r i a l on work u p . 
S i n c e Huffman (44) had s u c c e s s f u l l y r e a c t e d compounds of a s i m i l a r t y p e 
w i t h l i t h i u m a c e t y l i d e - e t h y l e n e d i a m i n e complex , t h i s method was a l s o 
a t t e m p t e d . The i n f r a r e d s p e c t r u m of t h e p r o d u c t showed an a b s o r p t i o n 
c o r r e s p o n d i n g t o an a c e t y l e n i c C-H s t r e t c h a t 33G0 cm a l t h o u g h t h e 
nmr and mass s p e c t r a l d a t a were n o t e n t i r e l y c o n s i s t e n t w i t h t h e 
s t r u c t u r e LXI. S i n c e Huffman (44) had b e e n s u c c e s s f u l i n c o n v e r t i n g 
a c e t y l e n i c c a r b a n o l s t o u n s a t u r a t e d m e t h y l k e t o n e s i n good y i e l d u s i n g 
Dowex 50-W X-12 i o n exchange r e s i n (H+ p h a s e ) , t h i s method was employed 
on t h e c r u d e r e a c t i o n p r o d u c t o b t a i n e d on t r e a t m e n t of LVII w i t h t h e 
l i t h i u m a c e t y l i d e r e a g e n t . The p r o d u c t s of t h i s r e a c t i o n were examined 
by g l c and were shown t o b e a m i x t u r e of s e v e r a l d i f f e r e n t compounds 
c o n s i s t i n g of a p p r o x i m a t e l y 40-50 p e r c e n t of a s i n g l e component . T h i s 
component was i s o l a t e d by p r e p a r a t i v e g l c and shown n o t t o be t h e d e ­
s i r e d m e t h y l k e t o n e LXXIX b u t t o be i d e n t i c a l t o t h e o c t a l o n e XLVII. 
An e x p l a n a t i o n of t h e s e f a c t s was found i n t h e p r o p o s a l t h a t t h e a c e t y l ­
e n i c a b s o r p t i o n o b s e r v e d i n t h e p r o d u c t of r e a c t i o n of LVII was 
s p u r i o u s , and t h a t , i n r e a l i t y , t h e major component of t h e i n i t i a l 
m i x t u r e was i n f a c t t h e u n r e a c t e d k e t o n e LVII . I t was f u r t h e r p r o p o s e d 
t h a t t h i s k e t o n e , on s u b s e q u e n t e x p o s u r e t o t h e r e a c t i o n c o n d i t i o n s p r e ­
s c r i b e d by Huffman ( 4 4 ) , unde rwen t an a c i d c a t a l y z e d r e a r r a n g e m e n t t o 
g i v e XLVII . / T h i s p r o p o s e d r e a r r a n g e m e n t i s shown i n scheme V I I . To 
v e r i f y t h e p o s s i b i l i t y of such a r e a r r a n g e m e n t t h e s p i r o k e t o n e LVII was 
s u b j e c t e d t o t h e c o n d i t i o n s m e n t i o n e d above f o r t h e c o n v e r s i o n of a c e t y l e n i c 
c a r b a n o l s t o m e t h y l k e t o n e s . I n d e e d , work up of t h e r e a c t i o n m i x t u r e 
C h a r t V I I . Mechanism of Acid C a t a l y z e d Rea r r angemen t of 
LVI I . 
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gave an o i l t h e major component: of which showed s p e c t r a l p r o p e r t i e s 
i d e n t i c a l , t o t h o s e of XLVII and t o t h e m a t e r i a l o b t a i n e d on a t t e m p t e d 
h y d r a t i o n of c r u d e LXI. 
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CHAPTER V 
CONCLUSIONS 
Two a d d i t i o n a l compounds i n t h e s e r i e s of c r o s s - c o n j u g a t e d 
c y c l o h e x a d i e n o n e s c o n t a i n i n g e l e c t r o n w i t h d r a w i n g s u b s t i t u e n t s on 
t h e d i e n o n e chromophore were s y n t h e s i z e d and i r r a d i a t e d . The r e s u l t s 
of t h e s e i r r a d i a t i o n s a r e c o n s i s t e n t w i t h p r e v i o u s l y r e p o r t e d r e s u l t s 
i n s i m i l a r s y s t e m s and f u l l y s u p p o r t t h e p r o p o s e d mechanism f o r such 
r e a r r a n g e m e n t s . 
One new compound i n t h e s e r i e s of c r o s s - c o n j u g a t e d c y c l o ­
h e x a d i e n o n e s c o n t a i n i n g e l e c t r o n d o n a t i n g g r o u p s on t h e d i e n o n e chromo­
p h o r e was p r e p a r e d and i r r a d i a t e d . In a d d i t i o n t o s u p p o r t i n g t h e p r o ^ 
p o s e d mechanism a n d ^ e x h i b i t i n g a n a l o g o u s b e h a v i o r t o such compounds a l ­
r e a d y s t u d i e d , t h e s u c c e s s f u l i s o l a t i o n of a s p i r o h y d r o x y k e t o n e p r o d u c t 
from t h i s r e a r r a n g e m e n t opened a new and f a c i l e r o u t e t o s p i r o d e c a n e 
s t r u c t u r e s h a v i n g a r e l a t i v e s t e r e o c h e m i s t r y which would be of i n t e r e s t 
i n t h e s y n t h e s i s of compounds r e l a t e d t o 3 - v e t i v o n e . 
A s u c c e s s f u l s y n t h e t i c pa thway was d e v i s e d f o r c o n v e r t i n g t h e 
s p i r o h y d r o x y k e t o n e formed i n t h e r e a r r a n g e m e n t m e n t i o n e d above i n t o t h e 
s p i r o k e t o n e LVII . T h i s compound s h o u l d be i n v a l u a b l e i n t h e s y n t h e s i s 
of a number o f n a t u r a l p r o d u c t s h a v i n g s p i r o d e c a n e s t r u c t u r e s . T h i s 
compound, a l o n g w i t h t h e p r e v i o u s l y r e p o r t e d s t e r e o i s o m e r i c s p i r o k e t o n e 
LX a l l o w s t h e p r e p a r a t i o n of A - r i n g s u b s t i t u t e d s p i r o d e c a n e s w h i c h , i n 
e f f e c t , may have e i t h e r of t h e two p o s s i b l e s t e r e o c h e m i c a l f u s i o n s a t 
t h e s p i r o c e n t e r by s i m p l y c h o o s i n g t h e a p p r o p r i a t e k e t o n e LX o r LVII . 
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In a d d i t i o n t o t h e s u c c e s s f u l p r e p a r a t i o n of LVII , t h e i n f o r m a t i o n 
o b t a i n e d on f u r t h e r a t t e m p t s t o c o n v e r t LVII t o h i n e s o l and a g a r o s p i r o l 
i n d i c a t e t h a t t h e c o n v e r s i o n i s q u i t e f e a s i b l e , and t h e s e f i n d i n g s s h o u l d 
p r o v e of v a l u e t o o t h e r s who may a t t e m p t t h e c o n v e r s i o n . 
Also , t h e f i n d i n g s c o n c e r n i n g t h e r e a c t i v i t y of s y s t e m s c o n t a i n i n g 
a - m e t h o x y - a , ( 3 - u n s a t u r a t e d k e t o n e s t oward c h e m i c a l r e d u c i n g a g e n t s s h o u l d 
be of a i d t o t h o s e i n t e r e s t e d i n t h e s e s y s t e m s f o r s y n t h e t i c p u r p o s e s . 
I t i s n o t e w o r t h y t h a t i n a l m o s t a l l r e a c t i o n s t h a t were u n s u c c e s s f u l i n 
t h i s s y s t e m , t h e r e was a d e f i n i t e l o s s of t h e e n o l e t h e r p o r t i o n of t h e 
m o l e c u l e as d e t e r m i n e d by nmr e x a m i n a t i o n . T h i s s h o u l d s e r v e a s v a l i d 
p r o o f of t h e e x t r e m e r e a c t i v i t y of t h i s s y s t e m . 
F i n a l l y t h e r e a r r a n g e m e n t of s p i r o s y s t e m s o f t h e t y p e LVII i n 
a c i d media t o g i v e n a p h t h a l e n o i d t y p e r i n g s y s t e m s was d i s c o v e r e d , and 
may be o f i n t e r e s t i n c o n n e c t i o n w i t h b i o s y n t h e t i c p a t h w a y s . 
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CHAPTER VI 
RECOMMENDATIONS 
F u r t h e r a t t e m p t s t o p r e p a r e t h e 4 - c a r b o x y d e r i v a t i v e LXXX and 
t h e 4 -ca rbome thoxy d e r i v a t i v e XXVIII s h o u l d be made and t h e i r r a d i a t i o n 
of t h e s e compounds s h o u l d be s t u d i e d . The 4-methoxy compound LXXXI (49) 
s h o u l d be i n v e s t i g a t e d w i t h r e s p e c t t o i t s a b i l i t y t o u n d e r g o r e a r r a n g e ­
ment . The i r r a d i a t i o n s of t h e 2-methoxy and 4 - c y a n o d e r i v a t i v e s , (XLIX, 
XLII and XXXVI, r e s p e c t i v e l y ) s h o u l d b e s t u d i e d w i t h r e s p e c t t o t h e mino r 
p r o d u c t s formed i n t h e r e a c t i o n . The 4 - c y a n o s p i r o k e t o n e s h o u l d be 
s t u d i e d f u r t h e r as t o p o s s i b i l i t i e s t o c o n v e r t t h e cyano g roup i n t o 
o t h e r f u n c t i o n a l g roups which migh t b e of u s e i n s y n t h e t i c work . 
The r e a c t i o n of e t h a n e d i t h i o l w i t h s y s t e m s of t h e t y p e XLIX 
s h o u l d b e f u l l y i n v e s t i g a t e d . S i n c e 4 - m e t h o x y o c t a l o n e s y s t e m s a r e r e a d i l y 
a v a i l a b l e s y n t h e t i c a l l y (50) a r e a c t i o n of t h e t y p e a t t e m p t e d i n t h e work 
u n d e r d i s c u s s i o n would b e u s e f u l i n p r e p a r i n g 5 - s u b s t i t u t e d - 4 - k e t o -
o c t a l o n e s . The mechanism of h y d r o l y s i s of t h e 2 -me thoxy l g roup d u r i n g such 
d i t h i o k e t a l i z a t i o n s s h o u l d be c o n s i d e r e d i n d e t a i l . 
The r e a c t i o n of l i t h i u m aluminum h y d r i d e w i t h a l l y l i e k e t o n e s 
b e a r i n g 2 -me thoxy l s u b s t i t u e n t s s h o u l d b e s t u d i e d b o t h as t o t h e mode 
of r e d u c t i o n and as t o t h e mechanism by which t h e 2 - s u b s t i t u e n t i s l o s t . 
The r e d u c t i o n of s y s t e m s of t h e t y p e m e n t i o n e d above w i t h l i t h i u m 
i n ammonia and l i t h i u m i n e t h y l a m i n e s h o u l d be i n v e s t i g a t e d w i t h r e s p e c t 
t o t h e a p p a r e n t h y d r o l y s i s of t h e e n o l e t h e r f u n c t i o n . The n a t u r e of t h e 
r e q u i r e m e n t f o r i n v e r s e a d d i t i o n of t h e r e d u c i n g a g e n t s h o u l d a l s o b e i n ­
v e s t i g a t e d , , 
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F i n a l l y , o t h e r methods f o r t h e c o n v e r s i o n of LVII i n t o LXXIX 
s h o u l d be s o u g h t and a t t e m p t e d . The r e a c t i o n of LVII w i t h Dowex 50W-X12 
(H+ p h a s e ) s h o u l d a l s o be i n v e s t i g a t e d a s w e l l a s t h e r e a c t i o n of o t h e r 
s i m i l a r s y s t e m s w i t h t h e r e s i n and w i t h o t h e r a c i d c a t a l y s t s t o d e t e r m i n e 
t h e g e n e r a l i t y of t h e r e a r r a n g e m e n t and s p e c i f i c i t y of t h e c a t a l y s t . 
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VITA 
James Byron Dawson, son o f Mr. and Mrs . J . L. Dawson, was b o r n 
i n A t h e n s , G e o r g i a , on November 22 , 1 9 4 1 . 
He a t t e n d e d e l e m e n t a r y and s e c o n d a r y s c h o o l s i n W i n t e r v i l l e , 
G e o r g i a , and was g r a d u a t e d from Athens High S c h o o l , A t h e n s , G e o r g i a 
i n 1960. He r e c e i v e d t h e B a c h e l o r of S c i e n c e Degree i n C h e m i s t r y 
from t h e G e o r g i a I n s t i t u t e of Techno logy i n 1965 . He began g r a d u a t e 
work a t t h e G e o r g i a I n s t i t u t e of Techno logy i n A p r i l , 1965 , where h e 
was awarded a N a t i o n a l Defense E d u c a t i o n A c t , T i t l e IV, p r e d o c t o r a l 
f e l l o w s h i p . Upon c o m p l e t i n g h i s g r a d u a t e s t u d y h e w i l l be employed 
as a s s i s t a n t d i r e c t o r of t h e G e o r g i a Crime L a b o r a t o r y . 
He i s a member of t h e American Chemica l S o c i e t y , The Chemica l 
S o c i e t y ( L o n d o n ) , and an a s s o c i a t e member of t h e S o c i e t y of t h e Sigma 
X i . 
He i s m a r r i e d t o t h e fo rmer C a r o l e Agnes Bur roughs and h a s two 
c h i l d r e n , L i s a C a r o l e , and C h a r l e s Byron . 
